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The Author offers the following hook os a continuation, in 
a more generally accessible form, of the Series of Memoirs 
of Industrial Men introduced in his Lives of the Engineers. 
While preparing that work he frequently came aoross the 
tracks of celebrated inventors, mechanics, and iron-workers 
—the founders, in a great measure, of the modern industry 
of Britain—whose labours seemed to him well worthy 
of being traced out and placed on record, and the more so 
as their lives presented many points of curiouB and original 
interest. Having been encouraged to prosecute the subject 
by offers of assistance from some of the most eminent living 
meohanioal engineers, he is now enabled to present the 
following further series of memoirs to the public. 

Without exaggerating the importance of this olass of 
biography, it may at least bo averred that it has not yet 
received its due share of attention. While commemorating. 
the labour's and honouring the names of those who have 
striven to elevate man above the material and meohanioal, 
the labours of the important industrial class to whom 
sooiety owes so much of its comfort and well-being are 
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also enti tled to consideration. Without derogating from 
tlie biographic claims of those who minister to inlelleot 
and taste, those who minister to utility need not be over¬ 
looked, When a Frenchman was praising to Sir John 
Sinclair the artist who invented ruffles, the Baronet 
shrewdly remarked that some merit was also due to the 
man who added the shirt. 

A distinguished living mechanic thus expresses himself 
to the Author on this point:—“ Kings, warriors, and 
statesmen have heretofore monopolized not only the 
pages of history, but almost those of biography. Surely 
some niohe ought to be found for the Meohanio, with¬ 
out whose sMll and labour society, as it is, oould 
not exist. I do not begrudge destructive heroes their 
fame, but the oonstruotive ones ought not to bo for¬ 
gotten ; and there is a heroism of skill and toil belong¬ 
ing to the latter class, worthy of as grateful record,—less 
perilous and romantic, it may be, than that of the other, 
but not less full of the results of human energy, bravery, 
and character. The lot of labour is indeed often a dull 
one; and it is doing a publio servioe to endeavour to 
lighten it up by reoords of the struggles and triumphs 
of our more illustrious workers, and the results of their 
labours in the oause of human advancement." 

As respects the preparation of the following memoir's, the 
Author’s principal task has consisted in selecting and ar¬ 
ranging the materials so liberally placed at his disposal by 
gentlemen for tbs most part personally acquainted with the 
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subjects of them, and but for whose assistance the bool: 
could not have teen written. Tho materials for the bio¬ 
graphy of Henry Maudslay, for instance, have been partly 
supplied by the late Mr, Joshua Field, F.B.S. (his partner), 
but principally by Mr. James Nasmyth, O.E., his distin¬ 
guished pupil. In like manner Mr. John Penn, C.E., has 
supplied the chief materials for the memoir of Joseph 
Clement, assisted by Mr. Wilkinson, Clement’s nephew. 
The Author has also had the valuable assistance of Sir. 
William Fairbaim, F.E.S., Mr. J. O. March, tool manufac¬ 
turer (Mayor of Leeds), Mr. Biohard EobertB, C.E., Mr. 
Henry Maudslay, C.E., and Mr. J. Kitson, Jun., iron 
manufacturer, Leeds, in the preparation of the other 
memoirs of mechanical engineers included in this volumo. 

The materials for the memoirs of the early iron-workors 
have in like manner been obtained for the most part from 
original sources; those of the Darbys and Eeynoldses from 
Mr. Dickinson of Coalbrookdale, Mr. William Eeynolds of 
Coed-dd, and Mr. William Gr. Norris of tbe former place 
as well as from Mr. Anstice of Madeley Wood, who has 
kindly supplied tho original records of the film. The 
substance of the biography of Benjamin Huntsman, the 
inventor of east-steel, has been furnished by his lineal 
representatives- and the facts embodied in tbe memoirs 
of H enr y Cort and David Mushot have been supplied by 
the sons of those inventors. To Mr. Anderson Kirkwood of 
Glasgow the Author is indebted for the memoir of James 
Beaumont Neilson, inventor of the hot blast; and to Mr, 
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Ralph Ho'ore,'Inspector of Mifios in Scotland, for various 
information relative to thh /regress of the Scotch iron 
manufacture: . 

Tho memoirs of Dud Dudloy and Andrew Yarranton aro 
almost the only ones of the series in preparing which 
material assistance has been derived from books; but those 
have been largely illustrated by facts contained in original 
documents preserved in the State Papor Office, the caroful 
examination of which has beon conducted by Mr. W. 
Walker Wilkins. 

It will thus he observed that most of the information 
embodied in this volume, more especially that relating to 
the inventors of tools and machines, has heretofore existed 
only in the memories of tho eminent mechanical enginoors 
from whom it has been collected. In a fow more years 
many of tho facts which have been caught and aro hero 
placed on reoord would, probably, in the ordinary course of 
things, have passed into oblivion. As it is, the Author feels 
that there aro many gaps yot to bo filled up; but tho 
field of Industrial Biography is a wide one, and is open to 
oil who will labour in it. 

Besides tho alterations made in tho present edition, an 
Appendix has been added, containing further information 
relative to copper, bronze, and iron implements, smolting 
of iron by coke, invention of the slido rest, and Mr. 
Babbage’s calculating machine. 


London, October , 187 S. 
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CHAPTER 1. 
Iron and Civilization. 


“ Iron is not only the soul of every other manufacture, hut the main¬ 
spring perhaps of civilized society,’'—PliANCIS Hokneb. 

“ Were the use of iron lost among us, we should in a few ages lie un¬ 
avoidably reduced to the wants and ignorance of the ancient savage 
Americans; so that he who first made known the use of that contemptible 
mineral may be truly stylod the father of Arts and the author of Plenty." 
—John Locke. _ 

When Captain Cook and the early navigators first Bailed 
into the South Seas on their voyages of discovery, one of 
the things that stniok them with most Emprise was the 
avidity which the natives displayed for iron. “Nothing 
would go down with our visitors,” says Cook, “ hut metal; 
and iron was their beloved articlo.” A nail would buy a 
good-Bized pig; and on one occasion the navigator bought 
some four hundred pounds weight of fish for a few wretched 
knives improvised out of an old hoop. 

“ For iron tools,” says Captain Carteret, “ we might havo 
purohased everything upon the Freewill Islands that we 
oould have brought away. A few pieces of old iron hoop 
presented to one of the natives threw him into an ecstasy 
little short of distraction.” At Otaheite the people were 
found generally wcll-behavod and honest; but they were 
not proof against the fasoinations of iron. Captain Cook 
says that one of them, after resisting all other temptations, 
“ was at length ensnared by the charms of a basket of 
nails.” Another lurked about for several days, watching 
the opportunity to steal a coal-mke. 
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The navigators found they could pay their way from 
island to island merely with scraps of iron, which were aB 
useful for the purpose as gold coins would have been in 
Europe. The drain, however, being continuous, Captain 
Cook became alarmed at finding his oui-renoy almost ex¬ 
hausted; and he relates his joy on recovering an old 
anchor which the French Captain Bougainville had lost 
at Bolabola, on which he felt as an English banker 
would do after a severe run upon him for gold, when 
suddenly placed in possession of a fresh store of bullion. 

The avidity for iron displayed by these poor islandons 
will not he wondered at when we oonsider that whoover 
among them was so fortunate as to obtain possession of an 
old nail, immediately becamo a man of greater power than 
his fellows, and assumed the rank of a capitalist. “An 
Otaheitan cbiof,” says Cook, “ who had got two nails in 
his possession, received no Bmall emolument by letting 
out the use of them to his neighbours for the purpose of 
boring holes when their own methods failed, or were 
thought too tedious." 

The native methods referred to by Cook were of a very 
clumsy sort; the principal tools of the Otahoitans being 
of wood, stone, and flint. Their adzes and axes were of 
stone. Tho gouge most commonly used by thorn was made 
out of the bone of tho human forearm. Their substitute 
for a knife was a shell, or a bit of flint or jasper. A 
shark’s tooth, fixed to a piece of wood, served for an auger; 
a piece of coral for ,a file; and the skin of a sting-ray for a 
polisher. Their saw was made of jagged fishes’ teeth fixed 
on the convex edge of a piece of hard wood. Their 
weapons were of a similarly rude description; their 
elute and axes were headed with stone, and their lances 
and arrows were tipped with flint. Eire was another, 
agency employed by them, usually in boat-building. 
Thus, the New Zealanders, whose tools woro also of 
stone,, wood, or hone, made their boats of the trunks of trees 
hollowed out by fire. 
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Tko stono implements were fashioned. Captain Coolc says, 
l>y rubbing 1 one stone upon another until brought to the 
required shape; but, after all, they were found veiy ineffi¬ 
cient for their purpose, The} 7 soon became blunted aud 
useless; and the laborious piocess of making now tools 
had to be begun again. The delight of the islanders at 
being put in possession of a material which was capable 
of talcing a comparatively sharp edge and keeping it, may 
therefore readily bo imagined ; and hence tbe remarkable 
incidents to which wo havo referred in the experience of 
tho early voyagers. In the minds of the natives, iron 
became tlie representative of power, efficiency, aud wealth ; 
and they were ready almost to fall down and worship their 
new tools, esteeming the axe as a deity, offering sacrifices to 
the saw, and holding tho knife in especial veneration. 

In the infancy of all nations the same difficulties must 
have been experienced for want of tools, befuro tho arts of 
smelting and working in metals had become known; and 
it is not improbable that iho Phoenician navigators who 
first frequented our coasts found the same avidity for 
bronzo and iron existing among the poor woad-stained 
Britons who flocked down to the shore to see their ships 
and exchange food and skins with them, that Captain Cook 
discovered more than two thousand years later among the 
natives of Otaheite and Now Zealand. For, the tools and 
weapons found in auoiont burying-places in all parts of 
Britain olearly show that tkeso islands also have passed 
through the epoch of stone and flint. 

There was recently exhibited at tlxe Crystal Palace a col¬ 
lection of ancient European weapons and implements placed 
alongside a similar collection of articles brought from the 
South Soas; and they were in most respects so much alike 
that it was difficult to believe that they did not belong to 
tlie same race and period, instead of being the implements 
of races sundered by half the globe, and living at period" 
more than two thousand years apart. Nearly every wea^ 
pon in the one oolloction had its counterpart in the other, 
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—the mauls or celts of stone, the spearheads of flint oi 
jasper, the arrowheads of flint or hone, and the saws of 
jagged stone, showing how human ingenuity, undor like 
circumstances, had resorted to like expedients. It would 
also appear that the ancient tribes in these islands, like the 
New Zealanders, used fire to hollow out their larger boats; 
several specimons of this kind of vessel having recently 
been dug up in the valleys of the Withara and the Clyde, 
some of the latter from under the very streets of modem 
Glasgow.* Their smaller boats, or coracles, were made of 
osiers interwoven, covered with hides, and rigged with 
leathern sails and thong tackle. 

It will readily be imagined that anything like civiliza¬ 
tion, as at present understood, must have been next to im¬ 
possible uudeT such circumstances. “ Miserable indeed,” 
says Carlyle, “ was the condition of the aboriginal savage, 
glaring fiercely from under his fleece of hair, which with 
the beard readied down to his loins, and hung round them 
like a matted cloak; the rest of his body shooted in its 
thick natural fell. He loitered in the sunny glados of the 
forest, living on wild fruits; or, as the ancient Caledonians, 
squatted himself in morasses, lurking for his bestial or 
human prey ; without implements, without arms, save the 
ball of heavy flint, to which, that his sole possession and 
defence might not be lost, he had attaohed a long cord of 


* “ Mr. John Buchanan, i zeniouB 
antiquary, writing in 1855, informs 
us that in the course of the eighty 
yours preceding that date, no less than, 
seventeen canoes had been dug out of 
this estuarine silt [of the valley of the 
Clyde], und that he hnd personally in¬ 
spected a large number of them before 
they were exhumed. Five of them 
lay hurled in slit under the streets of 
Glasgow, one in a vertical position 
with the prow uppermost, as if it had 
sunk in a stoma, , .. Almost every one 
of these ancient boats was formed out 
of a single oak-stem, hollowed out by 


blunt tools, probably stone uses, olden 
by the action of fire; a few were cut 
beautifully smooth, evidently with mo- 
tnllio tools. Hence a gradation could 
be traced from a pattern of extreme 
rudeness to one showing great me¬ 
chanical ingenuity.... In one of the 
canoes a beautifully polished colt or 
axe of greenstone was found; in the 
bottom of another a plug of cork 
which, as Sfr. Gelkio remarks, 1 could 
only hare come from the latitudes oi 
Spain, Southern France, or Italy.’” 
—Sir C. I, yew,, Antiquity of kart. 
48-9. 
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plaited thongs; thei'eby recovering as well as hurling it 
with deadly, unerring skill.” 

The injunction given to man 1o “replenish the earth 
and subdue it” could not possibly be fulfilled with imple¬ 
ments of stone. To fell a tree with a flint hatchet would 
occupy the labour of a month, and to clear a small patch of 
ground for purposes of culture would require the combined 
efforts of a tribe. For tbe same reason, dwellings could 
not bo erected; and without dwellings domestic tranquil¬ 
lity, security, culture, and refinement, especially in a rude 
climate, were all but impossible. Mr. Emerson woll ob¬ 
serves, that “ the effeot of a house is immense on human 
tranquillity, power, and refinement. A man in a cave or a 
camp—a nomad—dies with no more estate than the wolf or 
the horse leaves. But so simple a labour as ft houso being 
achieved, his chief enemies are kept at bay. He is safe 
from the teeth of wild animals, from frosl, sunstroke, and 
weather ; and fine faculties begin to yield their fine har¬ 
vest. Inventions and arts are born, maimers, and social 
beauty and delight.” But to build a bouse which should 
nerve for shelter, for safety, and for comfort—in a word, as a 
homo for tho family, which is the nucleus of society—hotter 
tools than those of stone were absolutely indispensable. 

Hence most of the early European tribes were nomadic: 
first hunters, wandering about from place to place like the 
American Indians, after the game; then shepherds, follow¬ 
ing tho herds of animals which they had learnt to tame, 
from one grazing-ground to another, living upon their milk 
and flesh, and clothing themselves in their skins held to¬ 
gether by leathern thongs. It was only when implements 
of metal had been invented that it was possible to practise 
the art of agriculture with any considerable success. Then 
tribes would cease from their wanderings, and begin to 
form settlements, homesteads, villages, and towns. An old 
Scandinavian legend thus curiously illustrates this last 
period;—-There was a giantess whose daughter one day 
saw a husbandman ploughing in the field. She ran 
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and picked him up with. her Huger and thumb, put him 
and his plough and oxen into her apron, and carried thorn 
to her mother, saying, “ Mother, what sort of beetle is this 
that I have found wriggling in the sand ? ” But tho mother 
said, “ Pat it away, my child ; we must begone out of this 
land, for these people will dwell in it.” 

M. Worsuae of Copenhagen, who has been followed by 
other antiquaries, has even gone so far as to divide tho 
natural history of civilization into three epochs, according 
to tho character of tho tools used in each, l'he first was 
the Stone period, in which the implements chiefly used 
were sticks, hones, stones, and flints. The next was the 
Bronze period, distinguished by the introduction and 
general use of a metal composed of copper and tin, re¬ 
quiring a comparatively low degree of temperature to 
smelt it, and ronder it capable of being fashionod into 
weapons, tools, and implements; to make which, however, 
indicated a great advance in experience, sagaoity, and skill 
in the manipulation of metals. With tools of bronze, to 
which considerable hardness could be given, trees wero 
felled, stones hewn, houses and ships built, and agriculture 
practised with comparative facility. Last of all came tho 
Iron period, when tho art of smelting and working that 
most difficult but widely diffused of the minorols was dis¬ 
covered ; from winch point the progress made in all the 
arts of life has been of tho most remarkable character. 

Although Mr. Wright rejects this classification aB em- 
pirioal, because the periods are not capable of being clearly 
defined, and all the three kinds of implements aro found to 
have been in use at or about the same time,* there is, 
nevertheless, reason to believe that it is, on tho wholo, 
well founded. It is doubtless true that implements of 
stone continued in use long after those of bronze and iron 
had been invented, arising most probably from the dear- 


* Thomas Waignr, F.S.A.. Tho Celt, The Homan, and Tlw Saxon, ed 
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ness and scarcity of articles of metal; but, when the art 
of smelting and working in iron and steel had sufficiently 
advanced, the use of stone, and afterwards of bronze tools 
and weapons, altogether ceased. 

The views of M. Worsaae, and the other Continental 
antiquarians who follow his classification, have indeed re¬ 
ceived remarkable confirmation of late years, by the dis¬ 
coveries which have been made in the beds of most of the 
Swiss lakes.* It appears that a subsidence took place in 
the waters of the Lake of Zurich in the yoar 1854, laying 
bare considerable portions of its bod. The adjoining pro¬ 
prietors proceeded to enclose the new land, and began by 
erecting permanent dykes to prevent tbo return of the 
waters. Whil o carrying on the works, several rows of stakes 
were exposed; and on digging down, the labourers tamed 
up a number of pieces of charred wood, stones blaokenedby 
fire, utensils, bones, and other articles, showing that at 
some remote period, a number of human beings had lived 
over the spot, in dwellings supported by stakes driven into 
the bed of the lake. 

The discovery having attracted attention, explorations 
were made at other places, and it was shortly found that 
there was scarcely a lake in Switzerland which did not 
yield similar ovidenoe of the existence of an anoient La¬ 
custrine or Lake-dwelling population. Numbers of their 
tools and implements were brought to light—stone axes 
and saws, flint arrowheads, bone needles, and such like— 
mixed with the bones of wild animals slain in the chase; 
pieces of old boats, portions of twisted branches, hark, 
and rough planking, of which their dwellings had been 
formed, tbo latter still bearing the marks of the rude 
tools by wliioh they had been laboriously out. In the 
most anoient, or lowest series of deposits, no traoes of 
metal, either of bronze or iron, were discovered ; and it is 
most probable that these lake-dwellerB lived in as primi- 

* Referred to at length in the Antiquity of Ifan, by Sir C. Lyell, who 
adopts M. Wovsaae's classification. 
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Hve a siale as tlio South Sea islanders discovered by 
Captain Cook, and that the huts over the water in which 
they lived resembled those found in Papua and Borneo, 
and the islands of the Salomon group, to this day. 

These aboriginal Swiss lake-dwellers seem to havo been 
succeeded by a race of men using tools, implements, and 
ornaments of bronze, In some places the remains of this 
bronze period directly overlay those of the stone period, 
showing the latter to have been the most ancient; but in 
others, the village sites are altogether distinct. The 
articles with which the metal implements are intermixed, 
show that considerable progress had been made in the 
useful arts. The potter’s wheel had been introduced. 
Agriculture had begun, and wild animals had given place 
to tame ones. The abundance of bronze also shows that 
commerce must have existed to a certain extent; for tin, 
which enters into its composition, is a comparatively ram 
metal, and most necessarily have been imported from other 
European countries. 

The Swiss antiquarians are of opinion that tlio men of 
bronze suddenly invaded and extirpated the men of flint; 
and that at some still later period, another stronger and 
more skilful race, supposed to have been Celts from Gaul, 
came armed with iron weapons, to whom the men of bronze 
sneenmbed, or with whom, more probably, they gradually 
intermingled. When iron, or rather steel, came into use, 
its superiority in affording a cutting edge was so decisive 
that it seems to have supplanted bronze almost at once; * 

* Mr. Mushet, however, observes by the use of nges, the perfection of the 
that ** the general use of hardened art, the splendour and polish of their 
copper by the ancients for edge-tools and surfaces, not oasity injured by time 
warlike instruments, does not predudo and weather, would not soon liosuper- 
the supposition that iron was then com- sed&l by tlio invention of simple iron, 
paratively plentiful, though it is pi o- inferior in edge and polish, at all timea 
bable that it was confined to the ruder easily injured by rust, and in the early 
arts of life. A knowledge of the mil- stages of its manufacture converted 
ttjrq of copper, tin, and zinc, seems to with difficulty into forms that re- 

have been among tho first discoveries of quired proportion or elegante."_ 

the metallurgist, Instruments fiibrl- {Papers an Iran and Steel, 366*6.) 
*«d from these albys, recommendes I5y some secret method uat has been 
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the latter metal continuing to he employed only for the 
purpose of making scabbards or sword-handles. Shortly 
after the commencement of the iron age, the lake-habita 
tions were abandoned, the only settlement of this latei 
epoch yet discovered being that at Tene, on Lake Neuf 
chatel; and it is a remarkable circumstance, showing the 
great antiquity of the lake-dwellings, that they are not 
mentioned by any of the Roman historians.* 

That iron should have been one of the last of the metals 
to come into general use, is partly accounted for by the 
circumstance that iron, though one of the most generally 
diffused of minerals, never presents itself in a natural state, 
except in meteorites; and that to recognise itB ores, and 
then to separate the metal from its matrix, demands the 
exercise of no small amount of observation and invention. 
Persons unacquainted with minerals would he unahle to 
disoover the slightest affinity between the rough ironstone 
as brought up from the mine, and the iron or steel of com- 
meroo. To unpractised eyes they would seem to possess 
no properties in common, and it is only after subjecting 
the stone to severe processes of manufacture that UBable 
metal can ho obtained from it. The effeotual reduction of 
the ore requires an intense heat, maintained by artificial 
methods, such as furnaces and blowing apparatus.f But it 
is principally in combination with other elements that iron 
is so valuable when oompared with other metals. Thus, 
when combined with oarbon, in varying proportions, sub- 
stanoes are produced, so different, but each, so valuable, 
that they might almost be regarded in tho light of distinot 
metals,—such, for example, as cast-iron, and cast and bar- 


lost, perhaps because no longer needed 
since tho invention of steel, the an¬ 
cients manufactured bronze tools ca¬ 
pable of taking a fine edge. In our 
own time, Cliniitiey the sculptor, in 
his reverence for classic metallurgy, 
bad a bronze razor made with which 
hemnrtyicd himself in shaving', but 
no one followed his example. 


* See Appendix I. 
f It may be mentioned in passing, 
that while Zina is fusible at 3° of 
Wedgwood's pyrometer, Silver at 22°, 
Copper at 27 , and Gold at 32°, Cast 
Iron is only fusible at 130°. Tin 
(one of the constituents of the ancient 
bronze) and Lead are fusible at much 
lower degrees than zino. 
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steel; the various qualities of iron enabling it to be used 
for purposes so opposite as a steel pen and a railroad, 
tbe needle of a mariner’s compass and on Armstrong grm, 
a surgeon’s lancet and a steam engine, tbe mainspring of 
a watch and an iron ship, a pair of scissors and a Nasmyth 
hammer, a lady’s earrings and a tubular bridge. 

The variety of purposes to which iron is thus capable of 
being applied, rendors it of more use to mankind than all 
the other metals combined. Unlike iron, gold is found 
pure, and in an almost workable state; and at an early 
poriod in history, it seems to have boon much more plen¬ 
tiful than iron or steel. But gold was unsuitod for the 
purposes of tools, and would serve for neither a saw, a 
chisel, an axe, nor a sword; whilst tempered steel could 
answer all these purposes. Hence we find the early war¬ 
like nations making the backs of their swords of gold or 
copper, and economizing their stool to form the cutting edge. 
This is illustrated by many anoient Scandinavian weapons 
in the museum at Copenhagen, which indicate the greatest 
parsimony in the nse of steel at a period when both gold 
aud copper appear to have been comparatively abundant. 

The knowledge of smelting and working in iron, like most 
other arts, came from the East. Iron was especially valued 
for purposes of war, of whioh indeed it was regarded as the 
symbol, being called “Mars’’ by the Homans* We find 
frequent mention of it in the Bible. Ono of the earliest 
notices of tho metal is in connexion with the conquest of 
Judea by the Philistines, To oomplete the subjection of 
the Israelites, their conquerors made oaptive all the smiths 
of tbe land, and carried them away. The Philistines felt 
that their hold of tbe country was insecure so long as 
tho inhabitants possessed tbe means of forging weapons. 
Heneo “there was no smith found throughout all the land 


* the Homans named the other Silver JUma, and so on; and our own 
metals after the gods. Thus Quick- language has received & colouring 
ritmr was called Afervury Lead from the Roman nomenclature, which 
Saturn, Tin Jujntr, Coi-pcr Terras, ! it continue® to retain,. 
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of Israel; for the Philistines Baid, Lest the Hebrews make 
them swords or spears. But the Israelites went down to 
the Philistines, to sharpen evory man his share, and his 
coulter, and his aso, and his mattock.”* At a later period, 
when Jerusalem was taken by tiro Babylonians, one of 
their first acts was to carry the smiths and other craftsmen 
captives to Babylon.f Deprived of their armourers, the 
Jews were rondered comparatively powerless. 

It was the knowledge of the art of iron-forging which 
laid the foundation of the once great ompiro of the Turks. 
Gibbon relates that these people were originally the de¬ 
spised slaves of the powerful Khan of the Geougen. They 
occupied certain districts of the mountain-ridge in the 
centre of Asia, called Imaus, Caf, and Altai, which 
yielded iron in largo quantities. This metal the Turks 
were employed by the Khan to forge for his use in war. 
A hold leader arose among them, who persuaded the iron¬ 
workers that the aims which they forged for their masters 
might in their own hands become the instruments of 
freedom. Sallying forth from their mountains, they set 
up their standard, and their weapons soon freed them. 
For centuries after, the Turkish nation continued to cele¬ 
brate the event of their liberation by an annual ceremony, 
in which a piece of iron was heated in the fire, and a 
smith’s hammer was successively handled by the prince 
and his nobles. 

We can only conjecture how the art of smelting iron was 
discovered. Who first applied fire to the ore, and made it 
plastic; who discovered fire itself, and its uses in metal¬ 
lurgy? No one can tell. Tradition says that the metal 
was discovered through the accidental burning of a wood 
in Greece. Mr. Mushot thinks it more probable that the 
disoovery was made on the conversion of wood into chai-- 
coal for culinary or chamber purposes. “If a mass of 
ore,” he says, “ aeoidentally dropped into the middle of the 


* I. Samuel xlil. 19, 20, 


t II. Kings xxiv. 16. 
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burning pile during a period of negloot, or during the 
existence of a thorough draught, a mixed mass, partly earthy 
and partly metallic, would be obtained, possessing ductility 
and extension under pressure. But if the conjecture is 
pushed still further, and wo suppose that the ore was not 
an oxido, but rich in iron, magnetic or spioular, the result 
would in all probability be a mass of perfectly malleable 
iron. I have seen this fact illustrated in the roasting of a 
species of iron-stone, which was united with a considerable 
mass of bituminous matter. After a high temperature had 
been excited in the interior of the pile, plates of malleable 
iron of a tough and flexible nature were formed, and under 
circumstances where there was no fuel but that furnished 
by the ore itself.”* 

The metal onco discovered, many attempts would he 
made to give to that which had been the effect of accident 
a more unerring result. The smelting of ore in an open 
heap of wood or charcoal being found tedious and wasteful, 
as well as uncertain, would naturally lead to the invention 
of a furnace, with the object of keeping the ore surrounded 
as much as possible with fuel while the process of con¬ 
version into iron was going forward. The low conioal 
furnaces employed at this day by some of the tribes of 
Central and Southern Africa, are perhaps veiy much tho 
same in character as those adopted by the early tribes of all 
countries where iron was first made, Small openings at the 
lower end of tho cone to admit the air, and a larger orifice 
at the top, would, with charcoal, be sufficient to produce 
the requisite degree of heat for the reduction of the ore. 
To this tho foot-blast was added, as still usod in Ceylon 
and in India; and afterwards tho water-blast, as employed 
in Spain (where it is known as the Catalan forge), along 
the coasts of the Mediterranean, and in some parts of 
America. 

It is worthy of remark, that the ruder the method em- 


* Papers on Iron and Steel, 363-t. 
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ployed for tho reduction of the ore, the bettor the qua¬ 
lity of the iron usually is. Where the art is little 
advanced, only the most traotable ores are selected ; and as 
charcoal is the only fuel used, the quality of the metal is 
almost invariably excellent. The ore being long exposed 
to the charooal fire, and the quantity made small, the 
result is a metal having many of the qualities of steel, 
capable of being used for weapons or tools after a com¬ 
paratively small amount of forging. Dr. Livingstone 
speaks of the excellent quality of the iron made by the 
African tribes on the Zambesi, who refuse to use ordinary 
English iron, which they consider “rotten.”* Du Chaillu 
also says of the Fans, that, in making their best knives 
and arrow-heads, they will not use European or American 
iron, greatly preferring their own. The celebrated loootz 
or steel of India, made in little cakes of only about two 
pounds weight, possesses qualities which no European steel 
can surpass. Out of this material the famous Damascus 
sword-blades were made; and its use for so long a period is 
perhaps one of the most striking proofs of the ancient 
civilization of India. 

The early history of iron in Britain is necessarily very 
obscure. When the Homans invaded tho country, tho 
metal seems to have been'already known to the tribes along 
the coast. Tho natives had probably smelted it themselves 
in their rude bloomcries, or obtained it from the Phoeni¬ 
cians in small quantities in exohange for skins and food, or 
tin. We must, however, regard the stories told of the 
ancient British ohariots armed with swords or scythes as 
altogether apocryphal. The existence of iron in sufficient 
quantity to be used for suoh a purpose is incompatible 
with contemporary facts, and unsupported by a single 


* Dr. Livingstone brought with him | sinn; both of which hinds are smelted 
to England a piece of tho Zambesi iron, with charcoal. The African Iron 

which he sent to a skilled Birmingham was found " highly carbonized,” and 
blacksmith to test. The result was, “ when chilled it possessed the pio- 
tliat he pronounced the metal as parties of steel.” 
strongly esembling Swedish or Hus- 
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vestige remain ing to our time. The country was then 
mostly forest, and tho roads did not as yot oxist upon 
which, chariots could bo used; whilst iron was too scarce 
to bo mounted as scythes upon chariots, when the war¬ 
riors themselves wanted it for swords. The orator Cicero, 
in a letter to Trcbatius, then serving with the army in Bri¬ 
tain, sarcastically advisod him to capturo and convoy one 
of these vehicles to Italy for exhibition; but wo do not 
hear that any specimen of the British war-chariot was over 
seen in Home. 

It is only in tho lunrali along the coast, or in those of 
the Eoinano-British period, (hat iron implements nro over 
'ound; whilst in tho ancient burying places of tlio intorior 
of tbe country they aro altogether wanting. Horodian 
says of tho British pursued by Severus through tho feus 
aud marshes of tho east coast, that they wore iron hoops 
round their middles aud their necks, esteeming thorn as 
ornaments and tokens of riohos, in like manner as other 
barbarous people then esteemed ornaments of silver and 
gold. Their only money, according to Ceesar, consisted of 
pieces of brass or iron, reduced to a certain standard 
weight.* It is particularly important to observe, says 
M. IVorsaae, that all tho antiquities which havo hitherto 
been found in the large burying plaocs of the Iron period, 
in Switzerland, Bavaria, Baden, Branco, England, and the 
North, exhibit traces more or loss of Homan influence ."} 1 

The Homans themselves used weapons of bronze when 
they could not obtain iron in sufficient quantity, and many 
ef the Homan weapons dug out of the anciont tumidi aro 
of that metal. They possessed tbe art of tempering and 
hardening bronze to such a degree as to onablo thejn to 

* Holtnsiied, i. 517. Ivon was | it is not uncommon, I am told, for a 
also the currency of the Spartans, but workman to cany nails, instead of 
it has been used as such in much money, to tho baker’s shop or the ale- 
more recent times. Adam Smith, in house.” 

his Wealth of Rations (Book I. oh. 4, f Primeval Antiquities of Sen, 
published in 1776), says, “ there is mark. London, 1849, p, 140. 
at this day a village in Scotland where 
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manufacture swords with it of a pretty good edge; and in 
those countries which they penetrated, their bronze im¬ 
plements gradually supplanted thoso which had been pre¬ 
viously fashioned of stone. Great quantities of bronze tools 
have been found in different parts of England,—sometimes 
in heaps, as if they bad been thrown away in basketfuls as 
things of little value. It has been conjectured that when 
the Boinans came into Britain they found the inhabitants, 
especially those to the northward, in veiy nearly the same 
state as Captain Cook and other voyagers found the in¬ 
habitants of tho South Sea Islands; that the Britons parted 
with their food and valuables for tools of inferior metal 
made in imitation of their stone ones; but finding them¬ 
selves cheated by the Homans, as the natives of Otaheite 
have been cheated by Europeans, the Britons relinquished 
the bad tools when they became acquainted with articles 
mado of bettor metal.* 

The Roman colonists were the first makers of iron in 
Britain on any large scale. They availed themselves of 
the mineral riches of tho country wherover they wont. 
Every year brings their extraordinary industrial activity 
more clearly to light. They not only occupied the best 
sites for trudo, intersected the land with a complete system 
of well-constructed roads, studded our hills and valleys 
with towns, villages, and ploasnre-honBes, and availed 
themselves of our medicinal springs for purposes of baths 
to an extent not even exceeded at this day, but they ex¬ 
plored our mines and quarries, and carried on the smelting 
and manufacture of metals in nearly all parts of tho 
island. Tho heaps of mining refuso left by them in tho 
valleys and along tho hill-sides of North Derbyshire are 
sLill spoken of by the country people as “ old man,” or the 

old man’s work.’’ Tear 'by year, from Dartmoor to the 
Moray Firth, the plough turns up fresh traces of their 

* Sea Dr. Pearoou’s paper iu the I utensils found in the river Withwiy 
Philosophical Transactions, 1786, re- 1 between Elrksland and Lincoln, 
iative to certain ancient aims and j 
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indefatigable industry and enterprise, in pigs of lead, 
implements of iron and bronze, vessels of pottery, coins, and 
sculpture ■ and it is a remarkable ciroumstanoo that in 
several districts where the existence of extensive iron 
beds bad not been, dreamt of until within the last twenty 
years, as in Northamptonshire and North Yorkshire, the 
remains of ancient workings reoently discovered show that 
the Roman colonists were fully acquainted with them. 

But the principal iron mines worked by that people 
were those which were most conveniently situated for 
purposes of exportation, more especially in the southern 
counties and on the borders of Wales. The extensive 
cinder heaps found in the Forest of Dean—which formed 
the readiest resource of the modern iron-smelter when im¬ 
proved processes enabled him to reduce them—show 'hat 
their principal iron manufactures were carried on in that 
quarter.* It is indeed matter of history, that about seven¬ 
teen hundred years since (A.D. 120) the Romans had forges 
in the West of England, both in the Forest of Dean and in 
South Wales; and that they sent the metal from thenco to 
Bristol, whore it was forged and made into weapons for tho 
use of the troops. Along the banks of the Wye, the 
ground is in many places a continuous bed of iron cinders, 
in which numerous remains have been found, furnishing 
unmistakeable proofs of tho Roman furnaces. At the 6amo 
time, the iron ores of Sussex were extensively worked, as 
appears from the cinder heaps found at Maresfield and 


* “In tic Forest of Dean and there¬ 
abouts tho iron is made at this day of 
cinders, being the rough and offal 
thrown by in the Boman time; they 
then having only foot-blasts to melt 
the ironstone; but notv, by the force of 
a great wheel that drives n pair of 
bellows twenty feet long, all that iron 
Is extracted out of the cinders which 
could not be forced from it by the 
Romas foot-blast. And in the Forest 
of Pen) and thereabouts, and as high 


as Worcester, thoro are groat and in¬ 
finite quantities of these cinders ; some 
in vast mounts above mound, some 
under ground, wbiob will supply the 
iron works some hundreds of yearn j 
and these cinders are they which make 
the prime and best iron, and with much 
less charcoal than doth the ironstone.” 
—A. Yabranton, England’s Im > 
prozenmt by Sea and Land. London, 
1877. 
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several places in that county, intermixed with Roman 
pottery, coins, and other remains. In a hed of scorias 
several acres in extent, at Old Land Farm in Maiesfield, 
the Ecv. Mi'. Turnor found the remains of Eoman pottery 
so numerous that scarcely a harrow-load of cinders was 
removed that did not contain several fragments, together 
with ooins of the reigns of Nero, Vespasian, andDiocle- 
flian.* 

In the turbulent infancy of nations it is to be expected 
that we should hear more of the Smith, or worker in iron, 
in connexion with war, than with more peaceful pursuits. 
Although ho was a nail-maker and a horse-shoer—made 
axes, chisels, saws, and hammers for the artificer—spades 
and hoos for tho fanner—bolts and fastenings for the lord’s 
castle-gates, and chains for his draw-bridge—it was prin¬ 
cipally because of his skill in armour-work that ho wbb 
esteemed. He made aud mended tho weapons used in the 
chase and in war—the gavelocs, bills, and battle-axes; he 
tipped the bowmen’s avrows, and furnished spear heads for 
the men-at-arms; but, above all, he forged the mail-ooats 
and cuirasses of the chiefe, and welded their swords, on 
the temper and quality of which, life, honour, and victory 
in battle depended. Hence the great estimation in which 
the smith was held in the Anglo-Saxon times. His person 
was protected by a double penalty. He was treated as an 
officer of tho highest rank, and awarded the first plaoo in 
precedency. After him ranked the maker of mead, and 
then the physioian. In the royal court of Vales he sat 
in tho great hall with tho king and queen, next to tho 
domestic chaplain; and even at that early day there seems 
to have been a hot spark in the smith’s throat which 
needed much quenching; for ho was “ entitled to a draught 
of every kind of liquor that was brought into the hall,” 

The smith was thus a mighty man. The Saxon Chronicle 


* M. A. Lowssn, Contributions to Literature, Historical, Antif[Mi‘fcn, -wtl 
Metrical. London, 1854, j>p, 88-0. 
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describes the valiant knight himsolf as ft “ mighty war- 
sinilh.” But tlio smith was greatest of all in his forging 
of swords; and the bards were wont to sing the praises 
of tho knight's “ good sword ” and of the smith who made 
it, as well as of the knight himself who wielded it in 
battle. Tlio most extraordinary powers were attributed to 
tho weapon of stool when first invented. Its sharpness 
seemed so marvellous when compared with one of bronze, 
that with the vulgar nothing but magic could account for 
it. Traditions, enshrined in fairy tales, still survive in 
most countries, illustrative of its magical properties. The 
weapon of bronze was dull ; but that of steel was bright—• 
the “ white sword of light," oue touch of which hroko 
spells, liberated enchanted princesses, and froze giants’ 
marrow. King Arthur’s magic Bword “Excalibur” was 
regarded as almost heroic in tho romance of chivalry* So 
were the Bwords “ Galatin” of Sir Gavvain, and “ Joyeuse ’’ 
of Cliarlemague, both of which wore reputed to he tho 
work of Weland the Smith, about whoso name clusters so 
much traditional glory as an ancient worker in metals.| 
The heroes of the Northmen in like manner wielded magic 
swords. Olavc the Norwegian possessed the sword “ Maoa- 
buin,” forged by the dark smith of Dronlheim, whose feats 
are recorded in tho tales of tlio Scalds. And so, in like 
manner, traditions of tho supernatural power of tho blnok- 
smith are found existing to this day all over tho Scottish 
Highlands.^ 

"When William the Norman invaded Britain, ho was well 

* Tills famous sword whs after- placcUntaoknawtiaslVaylandSmith’s 
wants sent by Richard I. os a present Cave. It consists of n rude gallery 
to Tancrcd; and the value attached to of stones. 

the weapon may "be estimated by the % Among the Scythians tins iron 
fact that the Crusader sent the English sword was a god. It was the image 
monarch, in return for it, “four great of Mars, nnd sacrifices were mmie to 
ships nud fifteen galleys." it, « An iron swoid,” says Mr. Cnmp- 

t Weland wnB the Saxon Yulran. bell, 11 really was once worshipped br 
The name of Wcland’s or Waylnnd’s a people with whom iron was rare. 
Smithy is still given to a monument Iron is rare, while stone and bronze 
»B lambourn Downs in Wiltshire, Tho weapon/ are common, in British tombs, 
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supplied with smiths. Tlis followers wore clad in armour 
of steel, and furnished with the best weapons of the time. 
Indeed, their superiority in this respeot is supposed to 
liavo been the principal cause of William’B victory over 
Harold; for the men of both armies were equal in point of 
bravely. The Normans had not only smiths to attend to 
the arms of the knights, hut farriers to shoo their horses. 
Henry do Fcrrariis, or Ferrers, “ prefectus fabrorum,” was 
one of the prinoipal officers entrusted with the supervision 
of the Conqueror’s ferrieiy department; and long after the 
earldom was founded his descendants continued to hear on 
their coat of arms the six horse-shoes indicative of their 
origin.* William also gave the town of Northampton, 
with the hundred of Fackley, as a fief to Simon St. Liz, in 
consideration of his providing shoes for his horses.j’ But 
though the praatice of horse-shoeing is said to have been 
introduced to this country at the time of the Conquest, it 


and the sword of these stories is a 
personnge. It shines, it cries out— 
the lives of men nrc bound up in it. 
And so this mystic sword mny, per¬ 
haps, have been n god amongst the 
Celts, or the god of the people with 
whom the Cclta contended somewhere 
oil their long journey to the west. It 
is a fiction now, bnt it may be founded 
on fact, and that fact probably was 
the first use of iron.” To this ilny 
an old horse-shoe is considered a potent 
spell in some districts ngninst the 
owers of evil j and for want of a 
orse-slioe a hit of a rusty reaping- 
hook is supposed to have equal power. 
“ Who were these powers of evil who 
could not resist iron—these fairies 
who shoot stone arrows, and arc of 
the foes to the human race ? Is all 
this bnt a dim, hazy recollection of 
war between a people who had iron 
weapons and a race who had not— 
tho race whoso remains are found all 
over Europe? If these were wander¬ 
ing tribes, they had leaders; if they 


were waiiikc, they had weapons. There 
is n smith in the Pantheon of many 
nations. Vulcan was a smith; Thor 
wielded a hammer; even Fiona had-n 
hammer, which was heard in Loehlann 
when struck in Eirinn. l’ionn may 
lmve borrowed ills hnmmer from Thor 
long ago, or both may have got theirs 
fiom Vulcan, or all three mny have 
brought hammere with them from 
tho land Where some primeval smith 
wielded the first sledgeJmmmev; bnt 
may not nil these smith-gods he the 
smiths who made iron weapons for 
those who fought with the skin-clad 
warriors who shot flint-arrows, and 
who nre now bogTes, fairies, and de¬ 
mons ? In any case, tales about smiths 
seem to belong to mythology, and to 
bo common property.”— Cajubbeu., 
Popular Ikies of the West Highlants, 
Preface, 74-6. 

* Bho'k, Discovery of Errors in 
the Catalogue of the Nobility,- 198. ' 

t Mevjuok, i, 11. ’ 

0 2 • 
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is probably of an earlier date; as, according to Dugdale, 
an old Saxon tenant in capita of Welbeck in Nottingham 
shire, named Gamelbere, held two carucates of land by 
the service of shoeing the king’s palfrey on all four feet 
with the king’s nails, as oft as the king should lie at tho 
neighbouring manor of Mansfield. 

Although we hear of the smith mostly in donnexion 
with the fabrication of instruments of war in the Middle 
Agos, his importance was no less recognized in the ordinary 
affairs of rural and industrial life. He was, as it were, 
the rivet that held society together. Nothing could he 
done without him. Wherever tools or implements were 
wanted for building, for trade, or for husbandry, his skill 
was called into requisition. In remote places he was 
often the sole mechanio of his district; and, besides being 
a tool-maker, a farrier, and agricultural implement maker, 
he doctored cattle, drew teeth, practised phlebotomy, and 
sometimes officiated as parish clerk and general news¬ 
monger ; for the smithy was the very eye and tongue of the 
village. Hence Shakespeare’s picture of the smith in 
King John:— 

11 1 saw a smith stand with his hammer, thus. 

The whilst his iron did on the anvil cool, 

With open mouth swallowing a tailor’s news.” 

The smith’s tools were of many sorts; but tho chief 
were his hammer, pincers, chisel, tongs, and anvil. It is 
astonishing what a variety of articles he turned out of liis 
smithy hy tho help of these rude implements. In tho 
tooling, chasing, and consummate knowledge of tho capa¬ 
bilities of iron, he greatly surpassed the modern workman; 
for the mediaeval blacksmith was an artist as well as a 
workman. The numorous exquisite specimens of his handi¬ 
craft which exist in our old gateways, church doors, 
altar railings, and ornamented dogs and andirons, still 
servo as types for continual reproduction. Ho was, indeed, 
the most “ ounninge workman” of liis time. But besides 
all this, he was an engineer. If a road had to be made, 
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or a stream embanked, or a trench dug, he was invariably 
called upon to provide the tools, and often to direct tho 
work. He was also the military engineer of his day, and 
as late as the reign of Edward III. we find the king 
repeatedly sending for smiths from the Forest of Doan 
to act as engineers for the royal army at the siege of 
Berwiok. 

The smith being thus the earliest and most important of 
mechanics, it will readily he understood how, at the time 
when surnames were adopted, his name should have been 
so common in all European countries. 

11 From, whence came Smith, nil be he knight or squire, 

But from the smith that forgeth in the tire? 1 ** 

Hence tho multitudinous family of Smiths in England, in 
some cases vainly disguised under the “Smythe ’’ or “Do 
Smijthein Germany, tho Schmidts; in Italy, the Eabri, 
Fabricii, or Fabbroni; in France, the Lo Fehres or LefevTes; 
in Scotland, the Gows, Gowans, or Cowans. We have also 
among us the Brownsmiths, or makers of brown hills; the 
Nasmyths, or nailsmiths; the Arrowsmiths, or makers of 
arrowheads; tho Spoarsmiths, or spear makers; tho 
Shoosmiths, or horse shoors; the Goldsmiths, or workers 
in gold; and many more. The Smith proper was, however, 
the worker in iron—the maker of iron tools, implements, 
and arms—and hence this name exceeds in number that of 
all the others combined. 

la course of time the smiths of particular districts began, 
to distinguish themselves for their excellence in particular 
branches of iron-work. From being merely tho retainer of 
some lordly or religious establishment, the smith worked 
to supply tho general demand, and gradually became a 
manu facturer. Thus tho makers of swords, tools, bite, 
and nails, congregated at Birmingham; and tho makers 
of knives and arrowheads at Sheffield. Chaucer speaks of 


* Gilbeet, Cornwall . 
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the Millar of Trompiugton aa provided with a Sheffield 
whittle:— 

« A Shefeld thwytcl bare he in his hose."* 

The common English arrowheads manufactured at Shef¬ 
field were long celebrated for their excellent temper, as 
Sheffield iron and steol plates are now. The battle ot 
Hamildon, fought in Scotland in 1402, was won mainly 
through their excellence. The historian records that they 
penetrated the armour of the Earl of Douglas, whioh. had 
been three years in making; and they wero “ so sharp and 
strong that no armour could repol thorn." The same 
arrowheads were found equally effioient against French 
armour on the fields of Creoy and Agincourt. 

Although Scotland is now one of the principal sources 
from which our supplies of iron are drawn, it was in anaiont 
times greatly distressed for want of the metal. Tho people 
were as yet too little skilled to be able to turn tbeir great 
mineral wealth to account. Even in tlie time of Wallace, 
they had scarcely emerged from the Stone period, and wero 
under the necessity of resisting their iron-armed English 
adversaries by means of rude weapons of that material. To 
supply themselves with swords and spearheads, they im¬ 
ported stool from Flanders, and the rest they obtained by 
marauding incursions into England. The district of Fur¬ 
ness in Lancashire—then aa now an iron 7 producing district 
—was frequently ravaged with that object; and on such 
occasions the Scotch seized and earned off all the manu- 
factored iron they could find, preferring it, though so heavy, 
to every other kind of plunder.f About tbe same period, 
however, iron must have been regarded as almost a precious 

* Before table-knives wore invent- stone ns well as a knife; and one 
*3, in tbe sixteenth century, the knife of Queen Elizabeth's presents. to the 
was a very important article; each Earl of Ieicesfar was a whetstone 
guest at table bearing his own, and tipped with gold, 
sharpening it at the whetstone hung f The early scarcity of iron in 
up in the passage, before sitting down Scotland is oonfirmsd by Froissart, 
to dinner Some even carried a wiiet- who says,—“In Scotland you will 
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meial even in England itself; for we find that in Edwinl 
the Third’s reign, the pots, spiis, and frying-pans of the 
royal kitchen were classed among his Majesty’s jewels.* 

The same famine of iron prevailed to a still greater 
extent in the Highlands, where it was even more valued, 
as the clans lived chiefly by hunting, and were in an 
almost constant state of feud. Hence the smith was a 
man of indispensable importance among the Highlanders, 
and the possession of a skilful armourer was greatly valued 
by the chiefs. The story is told of somo delinquency 
having been committed by a Highland smith, on whom 
justice must he done; but as the chief could not dispense 
with the smith, he generously offered to hang two weavers 
in his stead! 

At length a great armourer arose in tlio Highlands, who 
was able to forge armour that would resist the best Sheffield 
arrow-heads, and to make swords that would vie with the 
best weapons of Toledo and Milan. This was the famous 
Andrea do Ferrara, whose swords still maintain their 
ancient reputation. This workman is supposed to have 
learnt his art in the Italian city after which ho was 
callod, and returned to praotine it in seoreoy among the 
Highland hills. Before him, no man in Great Britain 
is said to have known how to temper a sword in such a 
way as to bend so that the point should touch the hilt and 
spring hack uninjured. The swords of Andrea de Ferrara 
did this, and were accordingly in groat request; for it was 
of every importance to the warrior that his weapon should 
he strong and sharp without being unwioldy, and that it 


never find a man of worth; they mo 
like savages, who wish not to be ac¬ 
quainted with any one, are envious of 
tho good fortune of others, and sus¬ 
picious of losing anything themselves; 
for their country is very poor. When 
the English make inroads thither, ns 
they have very frequently done, they 
order' their provisions, if they wish to 


live, to follow close at their backs; for 
nothing is to be had in that cqjmtry 
without great difficulty. There is 
neither iron to shoe horses, nor leather 
to make harness, saddles, or bridles s 
nil these tilings come ready made from 
Flanders by sea; aad should these foil, 
there is none to be had in the country 
* Pahkeb’b English Home, 77. 
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should not he liable to snap in the act of combat. This 
celebrated smith, whose personal identity* has become 
merged in the Andrea da Ferrara swords of his manufacture, 
pursued his craft in the Highlands, where he employed a 
number of skilled workmen in forging weapons, devoting 
his own time principally to giving them their required 
temper. He is said to have worked in a dark collar, the 
better to enable him to peroeive the effect of the heat upon 
the metal, and to watoh the niooty of the operation of 
tempering, as well as possibly to sorve as a screen to his 
secret method of working.^ 

Long after Andrea do Ferrara's timo, the Scotch swords 
were famous for their temper; Judge Marshal Patton, who 
accompanied the Protector's expedition into Scotland in 
1547, observing that “ the Soots came with swords all broad 
and thin, of exceeding good temper, and universally so 
made to slice that I never saw none so good, so I think it 
hard to devise a better.” The quality of the steel used 
for weapons of war was indeed of no less importance for 
the effectual defence of a country then than it is now. The 
courage of the attacking and defending foroes being equal, 
the victory would necessarily rest with the party in pos¬ 
session of tho heat weapons, 

England herself has on more than one occasion been 
supposed to be in serious peril because of the decay of 
her iron manufactures. Before the Spanish Armada, the 


* The precise time at which Andrea 
,1c" Ferrara flourished cannot be fixed 
with accuracy; but Sir Walter Scott, 
in one of the notes to Waverky, says he 
la believed to have been a foraen 
artist brought over by James IV, or V. 
of Scdlland to instruct the Scots in the 
manufacture of sword-blades. The 
genuine weapons have a crown marked, 
ou the blades. 

f Jlr, Paries, in his Essay on the 
Manufacture of Edge Tools, says, 
“Had this ingenious artfst thought of 


-e bath of oil, lie might have heated 
this by moans of a furnace underneath 
it, and hy the use of a thermometer, 
to the exact point which he found 
necessary,- though it is inconvenient 
to have to employ a thermometer for 
every distinct operation. Or, if he 
had been in the possession of a proper 
bath of fusible metal, he would have 
attained the necessary certainty in his 
pi ocoss, and need not have immured 
himself in a subterranean apartment.’ 1 
—PARjres’ Emys, 184J, p, 495, 
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produolion of iron had Loon greatly discouraged because 
of the destruction of timber in the smelting of the ore— 
the art of reducing it with pit coal not having yet been 
invented; and we were consequently mainly dependent 
upon, foreign countries for our supplies of the material out 
of which arms were made. The bost iron came from 
Spain itsolf, then the most powerful nation in Europe, and 
os celebrated for the excellence of its weapons ub for the 
discipline and valour of its troops. The Spaniards prided 
themselves upon the superiority of their iron, and regarded 
its scarcity in England as an important element in their 
calculations of the conquest of the country by their famous 
Armada. “I have heard," says Harrison, ‘‘that when 
one of the greatest peers of Spain ospied our nakedness in 
this behalf, and did solemnly utter in no obscure place, 
that it would bo an easy matter in Bhort time to conquer 
England because it wauled armour, his words were not so 
rashly jittered as politely noted.” The vigour of Queen 
Elizabeth promptly supplied a remedy by the large impor¬ 
tations of iron which she caused to be made, principally 
from Sweden, as well as by the increased activity of the 
forges in Sussex and the Forest of Dean; “ whereby,” adds 
Harrison, “England obtained rest, that otherwise might 
have been sure of sharp and cruel wars. Thus a Spanish 
word uttered by one man at one time, overthrew, or at 
the leastwise hindered sundry privy practices of many at 
another.” * 

Nor has the subject which ocoupiod the earnest at¬ 
tention of politicians in Quoon Elizabeth’s time ceased to 
be of interest; for, after the lapse of nearly three hundred 

* HoLinaiiED, History of England, expressly enjoined the Spanish Armada 
It was even said to have been one that if, when landed, they should not 
of the objects of the Spanish Armadu lo able to subdue our nAtion nnd Disk* 
to get the oaks of the Forest of Doan good their conquest, they should yet 
destroyed, in order to prevent further bo sure not to leave a tree standing 
smeitiug of the iron. Thus Evelyn, in the Forest of Dean."— Nichois, 
in his Syha, says, “I have heaid that History of the Forest of Peon, p. 22, 
in the groat expedition of 1588 it w«s 
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years, we find the smith and the iron manufacturer still 
uppermost in puhlio discussions. It 1ms of Into years been 
felt that our muoh-prized “ hearts of oak ” are no more ablo 
to stand against the prows of mail which wore supposed to 
threaten them, than the sticks and stones of the ancient 
tribes wero able to resist the men armed with weapons of 
bronze or steel. IVhat Solon said to Croesus, when tko 
latter was displaying his great treasures of gold, still holds 
true:—“ If another comes that hath bettor iron than yon, 
he will be master of all that gold." So, when an alchemist 
waited upon tho Duko of Brunswick during the Seven 
Years’ War, and offered to oommunioate tho seoret of con¬ 
verting iron into gold, the Duko replied:—“ By no means: 
I wont all the iron I can find to resist my enemies: as for 
gold, I get it from England.” Thus the strength and 
wealth of nations depend upon coal and iron, not forgetting 
Men, far more than upon gold. 

Thanks to our Armstrongs and Whitworths, our Browns 
and our Smiths, the iron defences of England, manned by 
our soldiers and our sailors, furnish the assurance of con¬ 
tinued security for oiu’ gold and onr wealth, and, what is 
infinitely more precious, for our industry and our libeity. 
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CHAPTER H. 

Early English Ibon Mandyagidre. 


'“He that well observes it, and hath known Die wells of Sussex, 
Surry, and Kent, the grand nursery especially of oake and beech, shut 
find snch an alteration, within lesse than 80 yceres, as may well strike a 
fane, lest few yeeres more, as pestilent as tho toimei', will lenre fewe good 
trees standing in thoso wolds. Such a hcatc issueth out of the many 
forges nnd furnaces for the making of Iron, and out of the glasse kilnes, 
as hath devoured many famous woods within the avoids,” — Joan 
Nobden, Sitrvayora’ Dialoyuo (1607). 


Few records exist of the manufacture of iron in England 
in early times. After the Romans left the island, tlio 
British, or more probably the Teutonic tribes settled along 
the south coast, continued the smelting and manufacture of 
the metal after the methods taught them by the colonists. 
In the midst of the insecurity, however, engendered by civil 
war and sooial changes, the pursuits of industry must 
necessarily have been considerably interfered with, and 
the art of iron-forging became neglected. Eo notice- of 
iron being made in Sussex occuts in Domesday Book, from 
whioh it would appear that the manufacture had in a great 
measure ceased ia that county at the time of the Conquest, 
though it was continued in the iron-producing districts 
bordering on 'Wales. In many of the Anglo-Saxon graves 
whioh have been opened, long iron swords have been found, 
showing that weapons of that motal wore in common use. 
But it is probable that iron was still scarce, as ploughs 
and othor agricultural implements continued to be made 
of wood,—one of the Anglo-Saxon laws enacting that no 
man should undertake to guide a plough who could not 
make one; and that the cords with which it Was hound 
should he of twisted willows. Tho metal was held in 
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esteem principally as the material of war. All male adults 
were required to be provided with weapons, and honour 
was awarded to such artificers as excelled in the fabrication 
of swords, arms, and defensive armour.* 

Camden incidentally states that the manufacture of iron 
was continued in the western counties during the Saxon 
era, more particularly in the Forest of Dean, and that in 
the time of Edward the Confessor the tribute paid by the 
city of Gloucester consisted almost entirely of iron rods 
wrought to a size fit for making nails for the king’s ships. 
An old religious writer speaks of the ironworkers of that 
day as heathenish in their manners, puffed up with pride, 
and inflated with worldly prosperity. On the oocasion of 
St. Egwin’s visit to the smiths of Alcester, as we are told 
in the legend, he found them given up to every kind of 
luxury; and when he proceeded to preaoh unto them, they 
beat upon their anvils in oontempt of his doctrine so as 
completely to deafen him; upon which he addressed his 
prayers to heaven, and the town was immediately de¬ 
stroyed, t But the first reception given to John Wesley by 
the miners of the Forest of Dean, more than a thousand 
years later, was perhaps scarcely more gratifying than tlmt 
given to St. Egwin. 

That woiking in iron was regarded as an honourable 
and useful calling in the Middle Ages, is apparent from 
the extent to which it was followed by the monks, some of 
whom were excellent craftsmen. Thus St. Dunstan, who 
governed England in the time of Edwy the Fair, was a 
skilled blacksmith and metallurgist. He is said to have 
had a forge even in his bedroom, and it was there that his 
reputed encounter with Satan occurred, in which of conrso 
the saint came off the victor. 

* Wir.KiNS, Leges Sax. 25, iron was practised front nn early period. 

| Lite of St. Egwin, In Capgmve’s It was originally called Alatmn, being 
Nma Ley end* Anglia. Alcester was, situated on the river Alno in Warwick* 
as it* name indicates, an old Boraan shire. It Is still a >*at of tho nwfl* 
settlement (situated on the Icknlld manufacture, 

Street), where the art of working in 
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There was anothor monk of St. Alban's, called Anketil, 
who flourished in the twelfth century, 60 famous for hia 
skill as a worker in iron, silver, gold, jewelry, and gilding, 
that he was invited by the king of Denmark to be his 
goldsmith and banker. A pair of gold and silver candle¬ 
sticks of his manufacture, presented by the abbot of St. 
Alban’s to Pope Adrian IV., were so much esteemed for 
their exquisite workmanship that they were consecrated to 
St. Peter, and wore the means of obtaining high eccle¬ 
siastical distinction for tho abbey. 

We also find that the abbots of monasteries situated 
in the iron districts, among their other labours, devoted 
themselves to the manufacture of iron from the ore. The 
extensive beds of cinders still found in the immediate 
neighbourhood of Bievaulx and Hackness, in Yorkshire, 
show that the monks were well acquainted with the art of 
forging, and early turned to account the riches of the 
Cleveland ironstone. In the Forest of Dean also, the abbot 
of Flaxley was possessed of one stationary and one itinerant 
forge, by giant from Henry II., and he was allowed two 
oaks weekly for fuel,—a privilege afterwards commuted, 
in 1268, for Abbot’s Wood of 872 acres, which was held by 
the abbey until its dissolution in the reign of Henry VIII. 
At the same time the Earl of Warwick had forges at work 
in liis woods at Lydney; and in 1282, as many as 72 foiges 
were leased from the Crown by various iron-sraelters in 
the same Forest of Dean. 

There aTe numerous indications of iron-smelting having 
been conducted on a considerable scale at some remote 
period in the neighbourhood of Leeds, in Yorkshire. In 
digging out the foundations of houses in Briggate, the 
principal street of that town, many “ bell pits” have been 
brought to light, from whioh ironstone has been removed. 
Tho new cemetery at Burmandtofts, in the same town, was 
in like manner found pitted over with these ancient holes.. 
The miner seems to have dug a well about 6 feet in dia- 
uietor, and so soon as he reached the mineral, he worked it 
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away all round, leaving the bell-Bhaped cavities in ques¬ 
tion. lie did not attempt any galloiy excavations, but 
when the pit was exhausted, a fresh one was sunk. The 
ore, when dug, was transported, most probably on horses’ 
backs, to the adjacent districts for the convenience of fuel. 
For it was easier to carry the mineral to the wood—then 
exclusively used for smelting,—than to bring the wood 
to the mineral. Hence the numerous heaps of scoriae 
found in the neighbourhood of Leeds, — at Middleton, 
Wbitkirk, and Horsforth—all within the borough. At 
Horsforth, they are found in conglomerated masses from 
30 to 40 yards long, and of considerable width and depth. 
The remains of these cinder-bods in various positions, some 
of them near the summit of the hill, tend to show, that as 
the trees were consumed, a new wind furnace was erected 
in another situation, in order to lessen the labour of carry¬ 
ing the fuel. There are also deposits of a similar kind at 
Kn-kby Overblow, a village a few miles to the north-east of 
Leods; and Thoresby states that the place was so callod 
because it was the village of the “ Oro blowers,”—hence 
the corruption of “ Overblow.” A disoovery has recently 
been made among the papers of the Wentworth family, of 
a contract for supplying wbod and oro for iron “ blomes " 
at Kirskill near Otley, in the fourteenth century though 
the manufacture near that placo has long since ceased. 

Although the making of iron was thus earned on in 
various parts of England in the Middle Ages, the quantity 
produced was altogether insufficient to meet the ordinary 
demand, as it appears from our early records to havo 
long continued one of the priuoipal articles imported from 


* The following is an extinct of 
this curious document, which is dated 
the 26th Dec. 1852:— 

_" Oeste endenture fait entre monsil'o 
Richard de Goldesburglic, ehivalcr,dune 
part, et Robert Totte, seignour, dautro 
part, tesmoigne qe le dit monsire 
Richard ad graunte et iesse ai dit 


Robert deuz Olyveres contenaunz vynt 
quota blomes de la feste seynt Piero 
ad vincula lan du regoe le Roi Edward 
tierce npres le conquests vynt sysme, 
on sun parks de Creskeldc, vendant a) 
dit monsire Richard chesqune semayn 
quatorzse soutz dargent duraunt les 
deuz Olyvcrs avaunt dist; a tenir et 
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foreign countries. English iron was not only dearer, but 
it was much inferior in quality to that manufactured 
abroad; and hence all the best arms and tools continued to 
be made of foreign iron. Indeed the scaroity of this metal 
occasionally led to groat inconvenience, and to prevent its 
rising in price Parliament enacted, in 1354, that no iron, 
cither wrought or unwrought, should ho exported, undor 
heavy penalties. Eor nearly two hundred 3 -ears—that is, 
throughout the fourteenth and fifteenth centuries—the 
English market was principally supplied with iron and steel 
from Spain and German}'; the foreign merchants of the Stcel- 
}-nrd doing a large and profitable trade in those commodities. 
While the woollen and other branches of trade were making 
considerable progress, the manufacture of iron stood still. 
Among the lists of articles, the importation of which was 
prohibited in Edward IY.’s reign, with a viow to the pro¬ 
tection of domestio manufactures, we find no mention of 
iron, which was still, as a matter of necessity, allowed 
to como froely from abroad. 

The first indications of revival in the iron manufacture 
show-ed themselves in Sussex, a district in which the 
Homans had established extensive works, and where smelt¬ 
ing operations wore carried on to a partial extent in 
the neighbourhood of Lewes, in the thirteenth and four¬ 
teenth centuries, where tlio iron was principally made into 
nails and horse-shoes. The county abounds in ironstone, 

avoir al avaunt dit Robert del avaunt dit monsire Richard asaigne. En tes- 
dit moral re Richard do la fesle soyut moig.tuira (sic) do quenr dioses a cestea 
l’lero avaunt diet, taunque lo bole soit presentes endentures les parties ontor- 
ars du dit parka a la volunte lc dit chaungablement ount rays lour seals, 
monsire Richard saitnz interrupciono Escript a Creskelde le meskerdy en la 
[0 le dicte monsieur Richard trovero seraayn de Fasque liui avaunt diste.” 
a dit Robert urre suflisaunt pur lea It is probable that the “ Momes" 
ditzOlyvers pur le son donaunt! these referred to in this agreement were the 
words are interlined]. Et fait a savoir hlooraeries or fires in which the Iron 
qe lo dit Robert no nule de soens oou- was made; and that the *> olyveres” 
pard na abatera nule mnnere daibre no were forges or erections, each of which 
de boys pur les deuz olyvers avaunt ditz contained so many bloomeries, but wers 
raes par la veu et lalyvcrele dirmon- of limited durability, and probably 
lirn Richard, on ;>»' nscun autre par le perished in the using. 
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which is contained in the sandstone beds of the Forest 
ridge, lying between the chalk and oolite of the district, 
called by geologists the Hastings sand. The beds run in 
a north-westerly direction, by Ashbumham and Heath- 
iiold, to Crowborough and thereabouts. In early times 
the region was covered with wood, and was known as the 
Great Forest of Anderida. The Weald, or wild wood, 
abounded in oaks of great size, suitable for smelting ore; 
and the proximity of the mineral to the timber, as well 
as the situation of the district in the neighbourhood of the 
capital, sufficiently account for the Suseox iron-works being 
among the most important which existed in England pro 
vious to the discovery of smelting by pit-coal. 

The iron manufacturers of the south were especially 
busy during tbe fifteenth and sixteenth centuries. Then 
works weie established near to tbe beds of ore, and in 
places where water-power existed, or could be provided 
by artificial means. Honce the numerous artificial ponds 
which are still to be found all over the Sussex iron 
district. Dams of earth, called “ pond-bays,” were thrown 
across watercourses, with convenient outlets built of 
masonry, wherein was set the great wheel which worked 
the hammer or blew the furnace. Portions of the ad¬ 
joining forest-land were granted or leased to the iron- 
smelters; and the many places still known by the name 
of “ Chart” in the Weald, probnbly mark the lands char¬ 
tered for the purposo of supplying the iron-works with 
their necessary fuel. The cast-iron tombstones and slabs in 
many Sussex churchyards, — the andirons and chimney 
backs* still found in old Sussex mansions and farm-housoe, 
and such names asFurnace Place, CindovIIiU, Forgo Farm, 
and Hammer Pond, which are of very frequent oocurrcnoe 

* The tuck of n grate has recently wheelbarrow and other implements for 
been found, oast by Richard Leonard the casting, and on n shield the pincon 
at JJrede Furnace In 1636. It is nnd other marks of the blacksmith, 
curious as containing a representation Leonard was tenant of the Snekvill* 
of the founder with his dog nnd oups | ftirance at Little Uilimove.—Sussc* 
» drawing of the furnace, with the Archaeological Collections, vol. xil. 
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throughout the county, clearly mark the extent and activity 
of this anoient branch of industry.* Steel was also manufao 
tured at several places in the oonnty, more particularly ai 
Steel-Forge Land, Warbleton, and at Bobertsbridge. Tho 
steel was said to be of good quality, resembling Swedish— 
both alike depending for their excellence on the exclusive 
use of charcoal in smelting the ore,—iron so produced 
maintaining its superiority over coal-smelted iron to this 
day. 

When cannon came to be employed in war, the near¬ 
ness of Sussex to London and the Cinque Ports gave it a 
great advantage over the remoter iron-producing districts 
in the north and west of England, and for a long time the 
iron-works of this county enjoyed almost a monopoly of the 
manufacture. The metal was still too precious to be used 
for cannon balls, which were hewn of stone from quarries on 
Maidstone Heath. Iron was only available, and that in 
limited quantities, for the fabrication of tho cannon them¬ 
selves, and wrought-iron was chiefly used for tho purpose. 
An old mortar which formerly lay on Eridge Green, near 
Front, is said to have been the first mortar made in 
England;! only the chumbor was cost, while the tube 
consisted of bars strongly hooped together. Although the 
local distich says that 

“ Master Huggett nnd bis man John 
They did cast the first cannon,” 

there is every reason to believe that both cannons and 
mortars were made in Sussex before Huggett’s lime; the 
old hooped guns in the Tower boing of tho date of Henry VI. 
The first oast-iron cannons of English manufacture were 
made at Buxtead, in Sussex, in 1643, by Balph Hogge, 
master founder, who employed as his principal assistant 


* For an interesting account of the I Literature, Historical, Antiquarian, 
early iron industry of Sussex see and Metrical. london, 1 834. 

M, A. Lower's Contributions to J f Arohaologia, vol. x. 472. 
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one Peter Baude, a Frenchman. Gun-founding was a 
Frenoh invention, and Mr, Lower supposes that Ilogge 
brought over Baude from France to teach his workmen the 
method of casting the guns. About the same time Hoggo 
employed a skilled Flemish gunsmith named Peter Van 
Collet, who, according to Stowe, “devised or caused to 
be made certain mortar pieces, being at the mouth from 
eleven to nine inches wide, for the use whereof the said 
Peter caused to be made certain hollow shot of cast-iron to 
be stuffed with fyrework, whereof the bigger sort for the 
same has scrows of iron to receive a match to carry fyre for 
to break in small pieces the said hollow shot, whereof tho 
smallest piece hitting a man would kill or spoil him.” In 
short, Peter Van Collet here introduced the manufacture of 
the explosive shell in the form in which it continued to be 
used down to our own day. 

Baude, the Frenohman, afterwards set up business on 
his own aooount, making many guns, both of brass and 
iron, some of whioh are still preserved in the Tower* 
Other workmen, learning the trade from him, also began 
to manufacture on their own account; one of Baudo’s 
servants, named John Johnson, and after him his son 
Thomas, becoming famous for the oxccllonco of thoir oast- 
iron guns. The Hogges continued the business for several 
generations, and became a wealthy county family. Huggett 
was another cannon maker of repute; and Owen became 
celebrated for his brass culverins. Mr. Lower mentions, 
as a curious instance of the tenacity with whioh families 
continue to follow a particular vocation, that many per¬ 
sons of tho name of Huggett still carry on the trade of 
blacksmith in East Sussex. But most of the early work¬ 
men at tho Sussex iron-works, os in other branohes of 
skilled industry in England during the sixteenth century, 
were foreigners—Flemish and French—many of whom had 

* One of these, C J feet long, nnd of 1 bears the oast Inscription of Petrvt 
9} inches bore, manufactured in 1548, l Saudi GaUus ojieria artifea. 
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taken refuge in this country from the religious persecutions 
then raging abroad, while others, of special skill, wero 
invited over by the iron manufacturers to instruct their 
workmen in the art of metal-founding.* 

As much wealth was gained by the pursuit of the revived 
iron manufacture in Sussex, iron-mills rapidly extended 
over the ore-yielding district The landed proprietors 
entered with zeal into this new branch of industry, and 
when wood ran short, they did not hesitate to sacrifice 
their ancestral oaks to provide fuel for the furnaces. Mr. 
Lower says even the most ancient families, such as the 
Nevilles, Howards, Percys, Stanleys, Montagues, Pelhams, 
Ashhurnhams, Sidneys, Sackvilles, Lucres, and Finches, 
prosecuted the manufacture with all the apparent ardour 
of Birmingham and Wolverhampton men in modem times. 
William Penn, the courtier Quaker, had irou-furoaoes at 
Hawklmrst and other places in Sussex. The ruins of the 
Ashbumham forge, situated a few miles to the north-east of 
Battle, still serve to indicate {he extent of the manufacture. 
At the upper part of the valley in which the works were 
situated, an artificial lake was formed by constructing an 
embankment across the watercourse descending from the 
higher ground,f and thus a sufficient fall of water was 
procured for the purpose of blowing the furnaces, the site 
of which is still marked by surrounding mounds of iron 
cinders and charcoal waste. Three quarters of a mile lower 
down the valley stood the forge, also provided with water¬ 
power for working the hammer; and some of the old build¬ 
ings are still standing, among others the boring-house, of 
small size, now used as an ordinary labourer’s cottage. 


* Mr. Lower says, “ Munyforeigncrs 
wero brought over to carry on the 
works; which perhaps may account 
for the number of .Frenchmen and 
Germans whose names appear in our 
parish registers about the middle of 
the sixteenth century ,”—Contributions 


to Literature, 108, 

■f Tho embankment awl sluices of 
the fUrnace-pond at the upper port of 
the valley continue to be maintained, 
the lake being used by the present Lord 
Ashbumham as a preserve for fish and 
water-fowl. 
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whore the guns wore bored, The machine was a mero 
upright drill worked by the water-wheel, which was only 
eighteen inches across the breast. The property belonged, 
as it s till does, to the Ashburnham family, who are said 
to have derived great wealth from the manufacture of guns 
at their works, whioh were among the last carried on in 
Sussex. The Ashburnham iron was distinguished for its 
toughness, and was said to be equal to the host Spanish or 
Swedish iron. 

Many new men also becamo enriched, and founded 
county families; the Fuller family frankly avowing their 
origin in tho singular motto of Carbone etforcipibus —literally, 
by charcoal and tongs.* Mon then went into Sussex to 
push their fortunes at tho forges, as they now do in 
Wales or Staffordshire ; and they succeeded then, as they 
do now, by dint of application, industry, and energy. The 
Sussex Archaeological Papers for 1860 contain a curious 
record of such an adventurer, in the history of tho founder 
of the Gale family. Leonard Gale was born in 1620 at 
* Itiverhead, near Sevenoaks, where his father pursued the 
trade of a blacksmith. When the youth had reached his 
seventeenth year, his father and mother, with five of their 
sons and daughters, died of the plague, Leonard and his 
brother being the only members of tho family that survived. 
The patrimony of 2001. left them was soon spent; after 
which Leonard paid off his servants, and took to work 
diligently at his father’s trade. Saving a little money, he 
determined to go down into Sussex, where we shortly find 


* Reminding one of the odd motto 
assumed by Gillespie, the tobacconist 
of Edinburgh, founder of Gillespie's 
Hospital, on whose carriage-panels 
was emblazoned a Scotch mull, with 
the Blotto, 

“ Wha wsd ha' thoebt It, 

That noses could ha' bought it I” 

It is just possible that the Fullers 
may have taken their motto from the 


words employed by Juvenal in de¬ 
scribing the father of Demosthenes, 
who was a blacksmith and a sword- 
cutler— 

“ Quem pater ordentls mass* fullgine 
llppus, 

A carbonc it forcipitut trladlosoui 
parante 

bacudo et luteo Vnlcaoo *d rhetors 

mlslt," 
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him working the St. Leonard's Forge, and afterwards the 
Tensley Forge near Crawley, and the Cowden Iron-works, 
which then bore a high reputation, Aftor forty years’ 
labour, he accumulated a good fortuno, which he left to his 
son of the same name, who went on iron-forging, and 
oventually became a county gentleman, owner of the house 
and estate of Crabbctt near Worth, and Member of Parlia¬ 
ment for East Grinstead. 

Several of the new families, however, after occupying a 
high position in the county, again subsided into the 
labouring olass, illustrating the Lancashire proverb of 
“ Twice clogs, once boots," the sons squandering what the 
fathers had gathered, and falling baok into the ranks again. 
Thus the great Fowles family of Eiverhall disappeared 
altogether from Sussex. One of them built the fino man¬ 
sion of Eiverhall, nohlc even in decay. Another had a 
grant of free warren from King James over his estates 
in Wadhurst, Frant, Eotherfield, and Mayfield. Mr. Lower 
says the fourth in descent from this person kept the turn¬ 
pike-gate at Wadhurst, and that the last of the familj-, 
a day-labourer, emigrated to America in 1839, carrying 
with Km, as the sole relio of his family greatness, the royal 
grant of free warren given to his ancestor. The Barhams 
and Mansers were also great iron-men, officiating as high 
sheriffs of the county at different times, and occupying 
spacious mansions. Ono branch of these families terminated, 
Mr. Lower says, with Nicholas Barham, who died in the 
workhouse at Wadhurst in 1788; and another continues 
to ho represented by a wheelwright at Wadhurst of the 
same name. 

The iron manufacture of Sussex reached its height 
towards the close of the reign of Elizabeth, when the 
trade became so prosperous that, instead of importing iron, 
England began to export it in considerable quantities, in 
the shape of iron ordnance. Sir Thomas Leighton and Sir 
Henry Neville had obtained patents from the queen, which 
enabled tfiom to send their ordnance abroad, the eonse- 
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quonoe of whioh was that tlio Spaniards were found aiming 
their ships and fighting us with guns of our own manu¬ 
facture. Sir Walter llaleigh, calling attention to the 
subject in the House of Commons, said, “ I am sure here¬ 
tofore ono ship of Her Majesty’s was able to beat ten 
Spaniards, but now, by reason of our own ordnance, wo 
are hardly matcht one to ono.” Proclamations were issued 
forbidding tbe export of iron and brass ordnance, and a 
bill was brought into Parliament to put a stop to tho 
trade; but, notwithstanding these prohibitions, the Sussex 
guns long continued to be smuggled out of the country in 
considerable numbers. “ It is almost incredible,” Bays 
Camden, “ how many guns are made of the iron in this 
county. Count Gondomar (the Spanish ambassador) well 
knew their goodness when he so often begged of King 
James the boon to export them.” Though the king refused 
his sanction, it appears that Sir Anthony Shirley of Weston, 
an extensive iron-master, succeeded in forwarding to tho 
King of Spain a hundred pieces of oannon. 

So active were the Sussex manufacturers, and so brisk 
was the trade they carried on, that during the reign of 
James I. it is supposed one-half of tho whole quantity 
of iron produced in England was made there. Simon 
Sturtevant, in his ‘Treatise of Metallioa,’ published in 
1612, estimates the whole number of iron-mills in England 
and Wales at 800, of which, he says, “there are fours 
hundred milues in Surry, Kent, and Sussex, as the towns¬ 
men of Haslemere have testified and numbered unto me.” 
But the townsmen of Haslemere must certainly have been 
exaggerating, unless they counted smiths’ and farriers’ 
shops in the number of iron-mills. About the same time 
that Sturtevant’s treatise was .published, there appoared a 
treatise entitled the ‘Surveyor’s Dialogue,’ by one Jo hn 
Norden, the object of whioh was to make out a case 
against the iron-works and their being allowed to bum 
up the timber of the country for fuel. Yet Nor den does 
not make the number of iron-works much more than 
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a third of Sturfevant’s estimate. Ho says, “I have heard 
that there are or lately were in Sussex neere 140 hammers 
and furnaces for iron, and in it and Surrey adjoining three 
or four glasse-houses.” Even the smaller number stated 
by Norden, however, shows that Sussex was then regarded 
as the principal seat of the iron-trade. Camden vividly 
describes tho noise and hustle of tho manufacture-—the 
working of the heavy hammers, which, “ heating upon tho 
iron, fill the neighbourhood round about, day and night, 
with continual noise.” These hammers were for the most 
part worked by the power of water, carefully stored in the 
artificial “ Hammer-ponds” above described. The hammer- 
shaft was usually of ash, about 9 feet long, clamped at 
intervals with iron hoops. It was worked by the revolu¬ 
tions of the water-wheel, furnished with projecting arms or 
knobs to raise the hammer, which fell as each knob passed, 
the rapidity of its action of course depending on the 
velocity with which the water-wheel revolved. The forge- 
blast was also worked for the moBt part by water-powor. 
Where the furnaces were small, the blast was produced by 
leather bellows worked by hand, or by a horse walking in 
a gin. Tho foot-blasts of tho earlier iron-smelters were 
so imperfect that but a small proportion of the ore was 
reduced, so that the iron-makers of later times, more parti¬ 
cularly in the Eorest of Dean, instead of digging for iron 
stono, resorted to the beds of ancient scoriae for their 
principal supply of the mineral. 

Notwithstanding the large number of furnaces in blast 
throughout the county of Sussex at the period we refer to, 
their produce was comparatively small, and must not be 
measured by the enormous produce of modem iron-works; 
for while an iron-furnace of the present day wiE easily 
turn out 150 tons of pig per week, the best of the older 
furnaces did not produce more than from three to four tons. 
One of the last extensive contracts executed in Sussex was 
the oasting of the iron rails which enoloBe St. Paul’s 
Cathedral. The contract was thought too large for one 
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iron-master to undertake, and it was consequently distri* 
Touted amongst several contractors, though tho principal 
part of the work was executed at Lamberhurst, near 
Tnnoridgo Wells. But to produce tho comparatively small 
quantity of iron turned out by the old works, the con¬ 
sumption of timber was enormous; for the making of 
every ton of pig-iron required four loads of timber con¬ 
verted into charcoal fuel, and tho making of every ton of 
bar-iron required three additional loads. Thus, notwith¬ 
standing the indispensable need of iron, the extension of 
the manufa cture, by threatening the destruction of tho 
timber of the southern counties, came to he regarded in 
the light of a national calamity. Up to a certain point, 
the clearing of the Weald of its dense growth of underwood 
had been of advantage, by affording hotter opportunities 
lor the operations of agriculture. But the “ voragious 
iron-mills” were proceeding to swallow up everything 
that would burn, and the old forest growths were rapidly 
disappearing. An entire wood was soon exhausted, and 
long time was needed before it grew again. At Lamber¬ 
hurst alone, though the produce was only about five tons 
of iron a-webk, the annual consumption of wood was about 
200,000 cords! Wood continued to be the only material 
used for fuel generally—a strong prejudice existing against 
the use of sea-coal for domestic purposes.* It therefore 
began to be feared that there would be no available fuel 
loft within practicable reach of tho metropolis; and the 
contingency of having to face the rigorous cold of an 
English winter without fuel naturally occasioning much 
alarm, tho notion of the Government was deemed neces¬ 
sary to remedy tho apprehended evil. 


* It was then believed that sea or 
pit-conl was poisonous when burnt in 
dwellings, and that it was especially 
injurious to the human complexion. 
All aorts of diseases were attributed to 
its use, and at one time it was eveu 


penal to burn it. The Londoners only 
began to reconcile themselves to the 
use of coal when tho wood within reach 
of the metropolis had been nearly all 
burnt up, and no other fuel was to be 
hi\d. 
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To check the destruction of wood near London, an Aot 
was passed in 1581 prohibiting its conversion into fuel for 
the making of iron within fourteen miles of tLe Thames, 
forbidding the ereotinn of new ironworks within twenty- 
two miles of London, and restricting the number of works 
in Kent, Surrey, and Sussex, beyond the above limits. 
Similar enactments were made in future l’arliaments with 
tho same objeot, which had tho effect of ohocking tlm 
trade, and several of tho Sussex ironmasters wore under 
the necessity of removing thoir works elsewhoro. Some 
of them migrated to Glamorganshire, in South Wales, 
bocausc of the abundance of timber as well os ironstone in 
that quarter, and there set up their forges, more particu¬ 
larly at Aberdare and Merthyr Tydvil. Mr. Llowellin has 
recently published an interesting account of their proceed¬ 
ings, with descriptions of their works,* remains of which 
still exist at Llwydcoed, Pontyryns, and other places in 
the Aberdare valley. Among the Sussex masters who 
settled in Glamorganshire for the purpose of carrying on 
the iron manufacture, were Walter Burrell, the friend of 
John Bay, the naturalist, one of the Morleys of Glyndo in 
Sussex, the Belfes from Mayfield, and the Cheneys from 
Crawley 

Notwitustanding these migrations of enterprising manu¬ 
facturers, the iron trade of Sussex continued to exist until 
the iniddlo of tho seventeenth oontury, when the wasto 
of timber was again urged upon the attention of Parlia¬ 
ment, and tho penalties for infringing the statutes scorn 
to have been more rigorously enforced. Tho trado then 
suffered a more serious oheok j and during tho civil wars, 
a heavy blow was given to it by tho destruction of tho 
works belonging to all royalists, whioh was accomplished 
by a division of the army under Sir William Waller, Most 
of the Welsh ironworks were razed to the ground about 


* Avohaologux Camirensis, Srt Series,No, 84, April, 1863. Art, “Sussex 
Ironmasters in Glamorganshire,” 
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the same time, and were not again rebuilt. And after the 
Kestoration, in 1674, all tho royal ironworks in tbe Forest 
of Doan were demolished, leaving only such to bo sup¬ 
plied with ore as wero beyond tbe forest limits; tbe reason 
alleged for this measure being lest tbe iron manufacture 
should endanger the supply of timber required for ship¬ 
building and othor necessary purposes. 

From this time tho iron manufacture of Sussox, as of 
England generally, rapidly declined. In 1740 thoro wore 
only iifty-nino fumacos in all England, of which ten were 
in Sussex; and in 1788 there were only two. A few years 
later, and the Sussex iron furnaoos wero blown out alto¬ 
gether. Farnhurat, in western, and Ashbnmhain, in eastern 
Sussex, witnessed the total extinction of the mannfaoturo. 
The din of the iron hammer was hushed, the glare of tho 
fumaco faded, the last blast of the bellows was blown, and 
the district returned to its original rural solitude. Some 
of the furnace-ponds wore drained and planted with hops 
or willows; others formed beautiful lakes in retired ploa- 
sure-grounds; while the remainder were used to drive 
flour-mills, as the streams iu North Kent, instead of driving 
fulling-mills, wero employed to work paper-mills. All 
that now remains of tho,old iron-works are the extonsivo 
beds of cinders from which material is occasionally taken 
to mend the Sussex roads, and the numerous furnace-ponds, 
hammer-posts, forges, and cinder places, which mark the 
seats of tho ancient manufacture. 
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Ikon-smelting by Pit-Coal — Dud Dudley. 


“ God of his Infinite goodness (if we will but talco notice of his gnoriims 
unto this Jtaliou) hath made this Country a very Giamuy for the supply¬ 
ing of Smiths with Iron, Cole, and Lime nuulo with cole, which hath 
much supplied these men with Coin also of late; nnd from these men a 
great pait, not only of this Island, but also of his Majestie’s other 
Kingdoms and Territories, with Iron wares have their supply, nnd Wood 
in these parts almost exhausted, although it were of late a mighty wood¬ 
land country,”— Dudley’s Metallum Mart is, 1665. 


The severe restrictions enforced by the legislature against 
tho use of wood in iron-smelting had the effect of almost 
extinguishing the manufacture. Now furnaces ceased to he 
erected, and many of the old ones were allowed to fail 
into decay, until it began to he fearod that this important 
branch of industry would become completely lost. The 
same restrictions aliko affected the operations of the glass 
manufacture, which, with the aid of foreign artisans, had 
been gradually established in England, and was becoming a 
thriving branch, of trade. It was eren proposed that the 
smelting of iron should he absolutely prohibited: “ many 
think,” said a contemporary writer, “ that there should he 
no works anywhere —they do so devour the woods." 

The use of iron, however, could not he dispensed with. 
The very foundations of sooiety rested upon an abundant 
supply of it, for tools and implements of peace, as well as 
for weapons of war. In tho dearth of the article at homo, 
a supply of it was therefore sought for abroad; and both 
iron and steel came to be imported in largely-inoreased 
quantities. This branch of trade was principally in the 
hands of the Steelyard Company of Foreign Merchants, 
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established in Upper Thames Street, a little above Tuondon 
Bridge; and they imported large quantities of iron and 
steel from foreign countries, principally from Sweden, 
Germany, and Spain. The host iron camo from Spain, 
though the Spaniards on their part coveted our English 
made cannons, which were better manufactured than 
theirs; while the best steel came from Germany and 
Sweden.* 

Under those circumstances, it was natural that persons 
interested in the English iron manufacture should turn 
their attention to some other description of fuel which 
should serve as a substitute for the prohibited article. 
There was known to be an abundance of coal in the northern 
and midland counties, and it ocourred to some speculators 
more than usually daring, to propose it as a substitute for 
the charcoal fuel made from wood. But the same popular 
prejudice which existed against the use of ooal for domestio 
purposes, prevented its being employed for purposes of 
manufacture; and they were thought very foolish persons 
indeed who first promulgated the idea of smelting iron by 
means of pit-coal. The old manufacturers hold it to be 
impossible to reduce the ore in any other way than by 
means of charcoal of wood. It was only when the wood 
in the neighbourhood of the ironworks had been almost 
entirely burnt up, that the manufacturers were driven to 
entertain the idea of using coal as a substitute; but more 
than a hundred years passed before the praotioe of smelting 
iron by its means beoame general. 

Tire first who took out a patent for the purpose was one 
Simon Sturtevant, a German skilled in mining operations; 
the professed object of his invention being “to neale, molt, 
and worke all kind of metal oares, irons, and steoles with 

* As late ns 1790, long after tho 6317 material. The quantity of ban 
monoiraly of the foreiga merchants had that fills the yards and warehouses cl 
been abolished, Penaant says, “ The this quarter strikes with astonishmeo 
present Steelyard is the great re- the most indifferent beholder."—I'es 
pository of imported Iron, which fur- ttAtrr, Account of London, 809, 
uishes opr metropolis with thqt necca- 
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sea-ooale, pit-coale, earth-coale, and brush fewell." The 
principal end of his invention, he states in his Treatise of 
Metallica* is to save the consumption and -waste of the 
woods and timber of tho country; and, should his design 
sucoced, he holds that it “will prove to bo tho best and 
most profitable business and invention that ever was known 
or invented in England these many jwes." He says he 
has already made trial of the prooess on a small scale, and 
is confident that it will prove equally successful on a large 
one. Sturtcvant was not very specific as to his process; 
but it incidentally appeals to have been his purpose to 
reduce the coal by an imperfect combustion to the con¬ 
dition of coke, thereby ridding it of “ those malignant 
proprieties which aro averse to the nature of metallique 
substances." The subject was treated by him, as was 
customary in those days, as a great mystery, made still 
more mysterious by the multitude of learned words under 
which he undertook to describo his “ Jguick Invention." 
All the operations of industry wero then treated as secrets. 
Each trade was a craft, and those who followed it wwe 
oallod craftsmen. Even the common carpenter was a handi¬ 
craftsman ; and skilled artisans wero “ cunning men.” But 
the higher branches of work wore mysteries, the com¬ 
munication of which to others was carefully guarded by 
the regulations of the trades guilds. Although the early 
patents are called specifications, they in reality specify 
nothing. They are for the most part but a mere haze 
of words, from which very little definite information can 
be gleaned as to the processes patented. It may be that 
Sturtevant had not yet reduced his idea to any practicable 
method, and therefore could not definitely explain it. 
However that may he, it is certain that his process failed 
when tried on a large scale, and Sturtevant’s patent was 
accordingly cancelled at tho end of a year. 


* Sl'URTEVANT's Metallica; briefly 
comprehending the Doctrine of Diverse 
Hew Metallic”l Inventions, f-e. Be- 


printed and published at the Grot 
Seal Patent Office, 1856. 
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The idea, however, had heen fairlj horn, and repeated 
patents were taken out with the same object from time 
to time. Thus, immediately on Sturtevant’s failure be¬ 
coming known, ono John Rovenzon, who had been mixed 
up with the other’s adventure, applied for a patent for 
making iron by the same process, which was grauted 
him in 1613. His ‘Treatise of Motallica’* shows that 
Eovenzon had a true conception of the method of manu¬ 
facture. Nevertheless he, too, failed in carrying out the 
invention in praotice, and his patent was also cancelled. 
Though these failures were very discouraging, like experi¬ 
ments continued to ho made and patents takon out,— 
principally by Dutchmen and Germans, |—but no docided 
suooess seems to have attended their efforts until the year 
1620, when Lord Dudley took out his patent “ for melting 
iron ore, making bar-iron, <fec., with ooal, in fumaoes, with 
bellows.” This patent was taken out at the instance of 
his son Dud Dudley, whose story we gather partly from 
his treatise entitled ‘ Mctallura Martis,’ and partly from 
various petitions presented by him to the king, whioh 
are preserved in the State Papier Office, and it runs as 
follows:— 

Dud Dudley was born in 1599, the natural son of 
Edward Lord Dudley of Dudley Cast.lo in the county of 
Worcester. He was the fourth of eleven children hy the 
same mother, who is described in the pedigroe of the 
family given in the Herald’s visitation of the oounty of 
Stafford in the year 1663, signed hy Dud Dudley himself, 
as “ Elizabeth, daughter of William Tomlinson of Dudley, 
concubine of Edward Lord Dudley.” Hud’s oldest brother 
is described in the same pedigree as Robert Dudley, Squire, 
of Notherton Hall; and as his sisters mostly married well, 
several of them oounty gentlemen, it is obvious that tbo 


* Koprinted and published at the 
Great. &al Patent Office, 1858. 

+ Among the early patentees, be¬ 
sides the names of Sturternnt and 


HoYonzon, wo find those of Juntas, 
Francke, Sir Phillibert Vernatt, and 
other foreigners of the above nations, 
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family, notwithstanding that the children wore bom out 
of wedlock, held a good position in their neighbourhood, 
and were regarded with respoot. Lord Dudley, though 
married and having legitimate heirs at the time, seems 
to have attended to the up-bringing of his natural 
children; educating them oarefully, and afterwards em- 
ploying them in confidential offices connected with the 
management of his oxtensive property. Dud describes 
himsolf as taking great delight, when a youth, in his 
father’s iron-works near Dudley, whem he obtained con¬ 
siderable knowledge of the various processes of the manu¬ 
facture. 

The town of Dudley was already a centre of the iron 
manufacture, though chiefly of small wares, such as nails, 
horse-shoes, keys, locks, and common agricultural tools; 
and it was estimated that there were about 20,000 smiths 
and workers in iron of various kinds living within a 
circuit of ten miles of Dudley Castle. But, as in the 
southern counties, tho production of iron had suffered great 
diminution from the want of fuel in the district, “ though 
formerly a mighty woodland countryand many im¬ 
portant branches of the local trade were brought almost to 
a stand-still. Yet there was an extraordinary abundance 
of cool to be met with in the neighbourhood—ooal in some 
places lying in seams ten feet thick—ironstone four feet 
thick immediately under the teal, with limestone con¬ 
veniently adjacent to both. Tho conjunction seemed 
almost providential—“ as if,” observes Dud, “ God had 
doomed the time when and how these smiths should bo 
supplied, and this island also, with, iron, and most espe¬ 
cially that this oole and ironstone should give the first 
and just occasion for the invention of smelting iron with 
pit-colo;” though, as we have already seen, all attempts 
heretofore made with that objoot had practically failed. 

Dud was a speoial favourite of the Earl his father, who 
encouraged his speculations with reference to the improve¬ 
ment of tho iron manufacture, aud gave him an education 
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calculated, to enable him to turn liis excellent practical 
abilities to account. He was studying at Baliol College, 
Oxford, in tho year 1019, when the Earl sent for him to 
take charge of an iron furnace and two forges in the chase 
of Pensnet in Worcestershire. He was no sooner installed 
manager of the works, than, feoling hampered by the 
want of wood for fuel, his attention was directed to tho 
employment of pit-coal as a substitute. He altered his 
furnace accordingly, so as to adapt it to the new process, 
and tho result of the first trial was such as to induce him 
to persevere. It is nowhere stated in Dud Dudley’s Trea¬ 
tise what was tho precise nature of the method adopted by 
him; but it is most probable that, in endeavouring to sub¬ 
stitute coal for wood as fuel, be would subject the coal to 
a process similar to that of charcoal-burning. The result 
would be what is called Coke; and as Dudley informs us 
that he followed up hia first experiment with a second 
blast, by means of which he was onabled to produce good 
marketable iron, the presumption is that his success was 
also due to an improvement of the blast whioh be con¬ 
trived for the purpose of keeping np the active combustion 
of the fuel. Though the quantity produced by the new 
process was comparatively small—not more than three 
tons a week from each furnace—Dudley anticipated that 
greater experience would enable him to incrcaso the quan¬ 
tity; and at all events ho had succeeded in proving tho 
practicability of smelting iron with fuel made from pit- 
coal, which so many before him had tried in v ain. 

Immediately after the second trial had been made with 
such good issue, Dud wrote to his father the Earl, then in 
London, informing him what ho had done, and desiring 
him at onco to obtain a patent for the invention from 
King James. This was readily granted, and the patent 
(No. 18), dated the 22nd February, 1620, was taken out 
in tho name of Lord Dudley lumself. 

Dud proceeded with the manufacture of iron at Pensnet, 
and also at Cradley in Staffordshire, where ho Greeted’ 
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another furnace; and a year after the patent waa granted 
lie was enabled to send up to the Tower, by the King’s 
command, a considerable quantity of the new iron for trial. 
Many experiments were made with it: its qualities were 
fairly tested, and it was pronounced “ good merchantable 
iron.” Dud adds, in his Treatise, that his brother-in-law, 
Richard Parkshouse, of Sedgeley,* “ had a fowling-gun 
there made of the Pit-cole iron,” which was “well ap¬ 
proved.” There was therefore every prospect of the new 
method of manufacture beooming fairly established, and 
with greater experience further improvements might with 
confidence be anticipated, when a succession of calamities 
occurred to tho inventor whioh involved him in difficulties 
and put an effectual stop to the progress of his enterprise. 

The new works had been in successful operation little 
more than a year, when a flood, long after known as 
the “ Great May-day Flood,” swept away Dudley’s prin¬ 
cipal works at Cradlcy, and otherwise inflicted much 
damage throughout the district. “A.t the market town 
called Stourbridge,” says Dud, in tho course of his curious 
narrative, “ although the author sent with speed to pre¬ 
serve tho people from drowning, and one resolute man was 
earned from the bridge there in the day-time, the nelhor 
part of the town was so deep in water that the people had 
much ado to preserve their lives in the uppermost rooms of 
their houses." Dudley himself received very little sym 
pathy for bis losses. On the, contrary, the iron-smelters of 
the district Tejoiced exceedingly at the destruction of his 
works by the flood. They had seen him making good iron 
by liis new patent process, and selling it cheaper than they 


* Mr. Parkshouse was one of the 
enquires to Sir Ferdinando Dudley (tho 
legitimate son of the Earl of Dudley) 
when he was made Knight of the Bath. 
Sir Ferdinando’s only daughter Fiances 
married Humble Ward, son and heir of 
William Ward, goldsmith and jeweller 
to Charles the First’s queen. Her 


husband having been created n baron by 
tho title of Bnron Ward of Biiminghain, 
and Francos beooming Baroness of 
Dudley in her owti right on the 
demise of her fhther, the baronies of 
Dudley and Ward thus became united 
in their eldest son Edward in the year 
1697 


K 
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could afford to do. Thoy accordingly put in circulation all 
manner of disparaging reports about bis iron. It was bad 
iron, not fit to be used; indeed no iron, except what was 
smelted with charcoal of wood, could be good. To smelt 
it with coal was a dangerous innovation, and could only 
result in some great publio calamity. The ironmasters 
even appealed to King James to put a stop to Dud’s manu¬ 
facture, alleging that his iron was not merchantable. And 
then came the great flood, which swept away his works; 
the hostile ironmasters now hoping lbs*. there was an end 
for ever of Dudley’s pit-eoal iron. 

But Dud, with his wonted energy, forthwith set to work 
and repaired his furnaces and forges, though at groat oost; 
and in tho course of a short time tho new manufacture was 
again in full progress. The ironmasters raised a fresh 
outcry against him, and addressed another strong memo¬ 
rial against Dud and his iron to King James. This seems 
to have taken effect; and in order to ascertain the quality 
of the article by testing it upon a large scale, the King 
commanded Dudley to send up to the Tower of London, 
with every possible speed, quantises of all tho sorts of bar- 
ii'on made by him, fit for tho “ making of mnskets, carbines, 
and iron for great bolts for shipping; whioh iron,” conti¬ 
nues Dud, “ being so tried by artists and smiths, the iron¬ 
masters and iron-mongors were all siloneed until the 21st 
year of King James’s reign." The ironmasters then en¬ 
deavoured to get the Dudley patent included in tho mono¬ 
polies to be abolished by tho statute of that year; but all 
they could accomplish was the limitation of the patent to 
fourteen years instead of thirty-one; the speoial exemption 
of the patent from the operation of the statute affording a 
sufficient indication of the importance already attached to 
the invention. After that time Dudley “ went on with his 
invention cheerfully, and made annually great store of iron, 
good and merchantable, and sold it unto diverse men at 
twelve pounds per ton." “ I also,” said he, “ made all 
sorts of cast-iron wares, as browing cisterns, pots, mortars, 
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&c., belter and cheaper than any yet made in these nations 
with charcoal, some of which are yet to he seen by any 
man (at tho author’s house in the oity of Worcester) that 
desires to be satisfied of the truth of the invention.” 

Notwithstanding this deoided success, Dudley encoun¬ 
tered nothing but trouble and misfortune. The iron¬ 
masters combined to resist his invention; they fastened 
lawsuits upon him, and succeeded in getting him ousted 
from his works at Cradley. Prom thenoe he removed to 
Himloy in tho county of Stafford, whore he set up a pit- 
coal fiimaco; but being without the means of forging the 
iron into bars, he was constrained to soli the pig-iron to 
the charcoal-ironmasters, “ who did him much prejudice, 
not only by dolaining his stock, but also by disparaging 
his iron.” lie next proceeded to erect a large new furnace 
at Hasco Bridge, near Sedgeley, in the same county, for tho 
purpose of carrying out the manufacture on the most im¬ 
proved principles. This furnace was of stone, twenty-seven 
feet square, provided with unusually large bellows; and 
when in full work he says he was enabled to turn out seven 
tons of iron per week, “ tho greatest quantity of pit-coal 
iron ever yet mado in Great Britain.” At tho same place 
he discovered and opened out new workings of coal ten 
feet thick, lying immediately over the ironstone, and he pre¬ 
pared to carry on his operations on a large scale; but the 
new works were scarcely finished when a mob of rioters, 
instigated by the oharooal-ironmasterB, broke in upon them, 
out in pieces the new bellows, destroyed the machinery, 
and laid the results of all his deep-laid ingenuity and per¬ 
severing industiy in ruins. Prom that time forward Dudley 
was allowed no rest nor peace: he waB attaoked by mobs, 
worried by lawsuits, and eventually overwhelmed by debts. 
Ho was then seized by his creditors and sent up to London, 
where he was held a prisoner in the Comptoir for several 
thousand pounds. The charcoal-iron men thus for a time 
remained masters of tho field. 

Charles I. seems to have takon pity on the suffering in* 

e 2 
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veil tor; and on Ms earnest petition, setting forth tlie groat 
advantages to the nation of his invention, from which he 
had as yet derived no advantage, hut only losses, sufferings, 
and persecution, the King granted him a renewal of his 
patent 1 * in the year 1638; three other gentlemen joining 
him as partners, and doubtless providing the requisite 
capital for carrying on the manufacture after the plans of 
the inventor. But Dud’s evil fortune continued to pursue 
him. The patent had scarcely been secured ore the Civil 
War broke out, and the arts of peaoe must at once perforce 
give place to the arts of war. Dud's nature would not 
suffer him to be neutral at such a time; and when the 
nation divided itself into two hostilo camps, his predilec¬ 
tions being strongly loyalist, he took the side of the 
King with his father. It would appear from a petition 
presented by him to Charles If. in 1660, setting forth his 
sufferings in the royal cause, and praying for rostoral to 
certain offices which he had enjoyed under Charles I., that 
as early as the year 1337 he had been employed by the 
King on a mission into Scotland,+ in the train of the 
Marquis of Hamilton, the King’s Commissioner. Again 
in 1639, leaving his ironworks and partners, ho accom¬ 
panied Charles on his expedition across the Scotch hordor, 
and was present with tho army until its discomfiture at 
Newbum near Newcastle in the following year. 

The sword was now fairly drawn, and Dud seems for 
a time to have abandoned his iron-works and followed 


* Patent No. 117, Old Series, 
granted in 1838, to Sir George Horsey, 
livid Ramsey, Roger Foulke, and 
Dodd Dadtey. 

t By Uia own account, given in 
Jfelallum Mortis, while in Scotland In 
1G37, ho visited the Highlands as well 
as the Lowlands, spending the whole 
summer of that year “ in opening of 
mines and making of discoveries;” 
spending part of the time with Sir 
Junes Hope of Lead Hills, near where, ] 


he says, “ he got gold.” It dons not 
appear, however', that any iron forges 
existed in Scotland at the time: indeed 
Dudley expressly says that “ Scotland 
mnketh no iron j" and in his treatise 
of 1085 he urges that the Corporation 
of the Mines Royal should set him and 
his inventions at work to enable Scot¬ 
land to enjoy the benefit of a cheap 
and abundant supply of the manu¬ 
factured article, 
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entirely the fortunes of the king. He was Sworn surveyor 
of the Mews or Armoury in 1040, but being unable to pay 
for the patent, another was sworn in in his place. Yet kia 
loyalty did not falter, for in the beginning of 1642, when 
Charles set out from London, shortly after the fall of 
Strafford and Laud, Dud went with him.* He was present 
before Hull when Sir John Hotham shut its gates in the 
king's face; at York when the royal commissions of array 
were sent out enjoining all loyal subjects to Bend men, 
arms, money, and horses, for defence of the king and 
maintenance of the law ; at Nottingham, where the royal 
standard was raised; at Coventry, where the townspeople 
refused the king entrance and fired upon his troops from 
the walls; at Edgehill, where the first great but indecisive 
battle was fought between the contending parties; in short, 
as Dud Dudley states in his petition, he was “ in most of 
the battailes that year, and also supplyed his late sacred 
Majestie’s magazines of Stafford, Worcester, Dudley Castle, 
and Oxford, with arms, shot, drakes, and cannon; and ako, 
became major unto Sir Frauncis Worsley’s regiment, which 
was much deeded." 

In 1643, according to the statement contained in his 
petition above referred to, Dud Dudley aoted as military 
engineer in sotting out the fortifications of Worcester and 
Stafford, and furnishing them with ordnance. After the 
taking of Lichfield, in which he had a share, he was mado 
Colonel of Dragoons, and accompanied the Queen with bis 
regiment to the royal head-quarters at Oxford. The year 
after we find him at the siege of Gloucester, then at the 
first battle of Newbury leading the forlorn hope with Sir 
George Lisle, afterwards marohing with Sir Charles Lucas 
into the associate counties, and present at the royalist rout 

* The Journals of the House of Kuqueuts, by the Serjeant-nt-Arau 
Commons, of the 13th June, 1642, attending on the House, tor giving 
oontain the resolution “ that Captain interruption to the ejMeution of the 
Wolseley, Ensign Dudley, and John ordinance of the militia in the county 
Lometon be forthwith sent for aa de- of Leicester.” 
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ftt Newport. That he was esteemed a valiaut and skilful 
officer ia apparent from the circumstance, that in 1645 
he was appointed general of Prince Maurice’s train of 
artillery, and afterwards held the samo rank under Lord 
Ashley. The iron districts being still for the most part 
occupied by the royal armies, our military' engineer turned 
his practical experience to account by directing tho forging 
of drakes* of bar-iron, wliioh were found of groat use, 
giving up his own dwelling-house in the city of Worcester 
for the purpose of carrying on the manufacture of these 
and other arms. But Worcester and the western towns 
fell before the Parliamentarian armies in 1646, and all 
the iron-works belonging to royalists, from which tho 
principal supplies of arms had been drawn by the King’s 
army, were forthwith destroyed. 

Dudley fully shared in the dangers and vicissitudes of that 
trying period, and bore his part throughout like a valiant 
soldier, For two years nothing was hoard of him, until 
in 1648, when the king’s party drew together again, and 
made head in different parts of the country, north and 
south. Goring raised his standard in Essex, hut was 
driven by Fairfax into Colchester, where he defended 
himself for two months. "While the siege was in progress, 
the royalists determined to make an attempt to raise it. 
On this Dud Dudley again made his appearance in tho 
field, and, joining sundry other counties, he proceeded to 
raise 200 men, mostly at his own ohargo. They were, 
however, no sooner mustered in Bosco Bello woods near 
Madeley, than they were attacked by the Parliamentarians, 
and dispersed or taken prisoners. Dud was among those 
so taken, and he was first carried to Hartlebury Castle 
and thonoe to Worcester, where he was imprisoned. Bo- 
counting the sufferings of himself and his followers on 
this oocasior., in the petition presented to Charles II, in 


* Small pieces of artillery, specimens museum ntWooIwieh Arsenal sod at 
*f which are still to be seen in the the Tower. 
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1660,* ho says, “ 200 men were dispersed, killed, and some 
taken, namely, Major Harcourfc, Major Elliotts, Capt. Long, 
and Comet Hodgetts, of whom Major Harcourt was miserably 
burned with matches. The petitioner and the rest were 
stripped almost naked, and in triumph and scorn carried 
up to the city of Worcester (which place Dud had fortified 
for the king), and kept close prisoner’s, with double guards 
set upon the prison and the city." 

Notwithstanding this close watch and durance, Dudley 
and Major Elliotts contrived to break out of gaol, making 
their way over the tops of the houses, afterwards passing 
the guards at the city gates, and escaping into the open 
oountry. Being hotly pursued, they travelled during the 
night, and took to the trees during the daytime. They 
succeeded in reaching London, but only to drop again into 
tho lion’s mouth; for first Major Elliotts was captured, then 
Dudley, and both were taken before Sir John Warner, the 
Lord Mayor, who forthwith sent them before the “ cursed 
oommittee of insurrection,” as Dudley calls them. The 
prisoners wore summarily sentenced to bo shot to death, 
and wero meanwhile closely imprisoned in the Gatehouse 
at Westminster, with other Royalists. 

The day before their intended execution, the prisoners 
formed a plan of escape. It was Sunday morning, the 20th 
August, 1648, when they seized their opportunity, “at ten 
of the clooko in sermon time;” and, overpowering the 
gaolers, Dudley, with Sir Henry Bates, Major Elliotts, 
Captain South, Captain Paris, and six others, succeeded in 
getting away, and making again for the open oountry. 
Dudley had received a wound in the leg, and could only 
get along with groat difficulty. He records that he pro¬ 
ceeded on crutches, through Worcester, Tewkesbury, and 
Gloucester, to Bristol, having been “fed three weeks in 
private in an enemy’B hay mow." Even tho most lynx- 
eyed Parliamentarian must have failed to recognise the 


* Stats Papa- Office, Dora. Charles II* vol. xl 54. 
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quondam royalist general of artillery in the helpless 
creature dragging himself along upon crutohes; and ho 
reached Bristol in safety. 

His military career now over, he found himself ab¬ 
solutely penniless. His estate of about 2001. per annum 
had been sequestrated and sold by the government;* his 
house in Worcester had been seized aud his sickly wife 
turned out of doors ; and his goods, stock, great shop, and 
ironworks, which he himself valued at 2000?., were de¬ 
stroyed. Ho had also lost the offices of Serjeant-at-arms, 
Lieutenant of Ordnance, and Surveyor of the Mews, which 
he had hold under the king; in a word, ho found liimBolf 
reduced to a state of utter destitution, 

Dudley was for some time under the necessity of living 
in great privacy at Bristol; but when the king had been 
executed, and the royalists were finally crushed at Wor¬ 
cester, Dud gradually emerged from his concealment. He 
was still the sole possessor of the grand secret of smelting 
iron with pit-coal, and he resolved upon one more commer¬ 
cial adventure, in the hope of yet turning it to good account. 
Ho succeeded in inducing Walter Stevens, linendraper, 
and John Stone, merohont, both of Bristol, to join him as 
partners in an ironwork, which they proceeded to oroot near 
that city. The buildings wore well advanced, and nearly 
7001. had been expended, when a quarrel ocourred between 
Dudley and his partners, which ended in the stoppage of 
the works, and the concern being thrown into Chancery. 
Dudley alleges that the other partners “ ounningly drew 
him into a bond,” and " did unjustly enter staplo actions in 
Bristol of great value against him, because he was of the 
king’s partybttf it would appear as if there had been 
some twist or infirmity of temper in Dudley himself, which 


* The Journals of the House of 
Commons, on the 2nd Nov. 1652, 
have the following entry: " The House 
this di )7 resumed the debate upon the 
additional Bill for sale of several lands 


and estates forfeited to the Common¬ 
wealth for treason, when it was re¬ 
solved that the name of Dnd Dudley 
oi Green Lodge he inserted into this 
Bill.” 
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prevented him from working harmoniously with such per¬ 
sons as he became associated with in affairs of business. 

In the mean time other attempts were made to smelt 
iron with pit-coal. Dudley says that Cromwell and 
the then Parliament granted a patent to Captain Buck 
for the purpose; and that Cromwell himself. Major Wild- 
man, and various others were partners in the patent. They 
ereotod furnaces and works in the Forest of Dean;* but, 
though Cromwell and his officers could fight and win 
battles, they could not smelt and forge iron with pit-coal. 
They brought one Dagney, an Italian glass-maker, from 
Bristol, to ereot a new furnace for them, provided with 
sundry pots of glass-house clay; hut no success attended 
their efforts. The partners knowing of Dudley’s possession 
of the grand secret, invited him to visit their works; but 
all they could draw from him was that they would never 
succeed in making iron to profit by the methods they were 
pursuing. They next proceeded to erect other works at 
Bristol, but still they failed. Major Wildman f bought 
Dudley’s sequestrated estate, in the hope of being able to 
extort bis seoret of making iron with pit-coal; but all 
their attempts proving abortive, they at length abandoned 
the enterprise in despair. In 1056, one Captain Copley 
obtained from Cromwell a further patent with a similar 
object; and erected works near Bristol, and also in the 
Forest of Kings wood. The mechanical engineers employed 


* Sir, Mushet, iu Iiis ‘ Papers on 
Iron,' says, that “although he hud 
carefully examined every spot and 
relic in Dean Forest likely to denote 
the alia of Dud Dudley’s enterprising 
hut unfortunate experiment of mnking 
pig-iron with pit coal,” it had boon 
without success; neither could he find 
any traces of the like operations of 
Cromwell and his partnera. 

f Dudley says, “ Mtyor Wildman, 
more barbarous to me than a wild 
man, although a minister, bought the 
author’s estate, near 2001. per annum, ; 


intending to compell fl'om the author 
his inventions of making iron with pit- 
cole, hut afterwards passed my estate 
unto two barbarous broken of London, 
that pulled down the author’s two 
mention houses, sold 500 timber trees 
off his land, and to this day are his 
houses unrepaired.” Wildman himself 
fell under the grip of Cromwell. Being 
one of the chiefs of the Republican 
party, he was seized at Exton, near 
Marlborough, in 165*, and imprisoned 
in Chepstow Castle. 



58 


DUD DUDLEY. 


Ciiap. Ill. 


by Copley failed in making his bellows blow; on wliiok 
ho sent for Dtidlcy, who forthwith “ made his bellows to 
bo blown feisibly; ” but Copley failed, like his predeces¬ 
sors, in making iron, and at length he too desisted from 
further experiments. 

Such continued to be the state of things until tho Resto¬ 
ration, when wo find Dud Dudley a petitioner to the king 
for the renewal of his patent. He wrs also a petitioner 
for compensation in respeot of the heavy losses he had 
sustained during the civil wars. Tho king was besieged 
by crowds of applicants of a similar sort, hut Dudley was 
no more successful than the others. He failed in obtain¬ 
ing the renewal of his patent. Another applicant for tho 
like privilege, probably having greater interest at court, 
proved more successful. Colonel Proger and three others * 
were granted a patent to make iron with coal; but Dudley 
knew the secret, which the new patentees did not; and 
their patent came to nothing. 

Dudley continued to address tho king in importunate 
petitions, asking to ha restored to his former offices of Ser¬ 
jeant-at-arms, Lieutenant of Ordnance, and Surveyor of tho 
Mows or Armoury. He also petitioned to he appointed 
Master of the Charter House in Smithfiold, professing him¬ 
self willing to take anything, or hold any living, f Wo 
find him sending in two petitions to a similar effect in 
.’une, 16G0; and a third shortly after. Tho result was, 


* June 13,1661. Petition of Col. 
Jus. Proger anil three others to the 
king for n patent for the nolo exercise 
of their invention of melting down 
iron and oilier metals with coal instead 
of wood, ns the great consumption of 
coal [charcoal ?] therein onuses detri¬ 
ment to shipping, &o. With reference 
thereon to Attorney-General Palmer, 
and his report, June 18, in favour of 
the petition .—State Papers, Charles 
II. (Dom.^vol. nrevi'.. 49. 
f Ic his second petition ho preys 


that a dwelling-house situated in Wor. 
cester, aud belonging to one Baldwin, 
“ a known traitor," may be assigned 
to him in lieu of Alderman Nash's, 
which had reverted to that Individual 
since his return to loyalty; Dudley 
reminding the king that his. own 
house in that city had been given 
up by him for tho sendee of his iathor 
Charles I., and turned into a fac¬ 
tory for arras. It does not appear 
that tliis part of his petitim was suc¬ 
cessful. 
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that he was reappointed to the office of Serjeant-at-Arms; 
out the Mastership of the Charter-IIonse was not disposed 
of until 1662, when it fell to the lot of one Thomas Wat¬ 
son.* In 1661, we find a patent granted to Vm. Chamber- 

laine and-Dudley, Esq,, for the sole use of their new 

invention of plating steel, &c,, and tinning the said plates; 
but whether Dud Dudley was the person referred to, we ore 
unable precisely to determine. A few years later, he seems 
to have suoceeded in obtaining the means of prosecuting his 
original invention j for in his Mitallum Martis, published in 
1665, he describes himself as living at Green’s Lodge, in 
Staffordshire; and he says that near it are four forges, Green’s 
Forge, Swin Forge, Heath Forge, and Cradley Forge, where 
lie practises his “ perfect invention.” These forges, ho adds, 
“ have barred all or most port of their iron with pit-coal 
since the author’s first invention in 1618, which hath pre¬ 
served much wood. Iu these four, besides many other- 
forges, do the like [sic]; yet the author hath had no benefit 
thereby to this present.” From that time forward, Dud 
becomes lost to sight. He seems eventually to have retired 
to St. Helen’s in Worcestershire, where ho died in 1684, ir, 
the 85th year of his age. He was buried in the parish 
church there, and a monumont, now destroyed, was 
erected to his memory, boaring tho inscription partly set 
forth undemeath.f 


* State Papers, rol. xxxi. Doqnot 
Book, p. 88. 

f Pulvls et umbra sumus 
Memento roori. 

Dodo Dudley cbiliorcbl nobilis Ed- 
waydl super domini do Dudley filius, 
patri chariis et regias Mnjestatis fidis- 
Bimus subditus et semis in asserendo 
regem, invindieando ocelesiam, In pro- 
pugnando legem so Ubertatem Angli- 
*auam, stepe captus, anno 1048, semel 
eoudemnatus ot tnmen non decollates, 


renatum denuo vidit ilisdsms hie In* 
coneussa semper vlrttile senet. 

DifTert non auTert mortem longlssima vita 
Sed dlffert multam eras bodlcre morL 
Quod nequeas vltnro, luglt: 
jS'gc furmidunda oat. 

Plot frequently alludes to Dudley in 
his Natural History of Staffordshire, 
and when he does so he describes him 
as the “worshipflil Dud Dudley," 
showing the estimation in which he 
was held by his contemporaries. 
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CHAPTER IV. 
Andrew Yaeuanton. 


There never Imre boen wanting men to whom England 1 ! improvement 
by sen and land was one of the dearest thoughts of their lives, and to whom 
England’s good was Ilia foremost of their worldly considerations. And 
such, emphatically, was Andrew Yarranton, a true patriot in the best 
sense of the word."— Dove, .Elements of Political Science. 


That industry had a sore time of it during the civil wars 
will further appear from the following brief account of 
Andrew Yarranton, which may be taken as a companion 
memoir to that of Dud Dudley. For Yarranton also was 
a Worcester ironmaster and a soldier—though on the 
opposite side,—hut more even than Dudley waB he a 
man of public spirit and enterprise, an enlightenod poli¬ 
tical economist (long before political economy had been 
rcoognised as a science), and in many respects a true na¬ 
tional benefactor. Bishop Watson said that he ought to 
have had a statue oreotod to his memory because of his 
eminent public services; and an able modern writer lrns 
gone so far as to say of him that he was “ the foundor of 
English political economy, the first man in England who 
saw and said that peace was better than war, that trade 
was hotter than plunder, that honest industry was better 
than martial greatness, and that the best occupation of a 
government, was to secure prosperity at homo, and let other 
nations alone.” * Yet the name of Andrew Yarranton. is 
scarcely remembered, or is at most known to only a few 
readers of half-forgotten books. The following brief out- 

* Patrick EdwahdDove, Elements of Political Science. Edinburgh, 18M 
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lino of liis history is gathered from his own narrative and 
from documents in the State Paper Office. 

Andrew Yarranton was horn at the farmstead of Larford, 
in tho parish of Astley, in Worcestershire, in the year 
1616.* In his sixteenth year he was put apprentice to a 
Worcester linendraper, and remained at that trade for some 
years; but not liking it, he left it, and was leading a 
country life when the civil wars broke out. Unlike 
Dudley, he took tho side of the Parliament, and joined their 
army, in which he served for some time as a soldier. His 
zeal and abilities commended him. to his officers, and he 
was raised from one position to anothor, until in the course 
of a few years wo find him holding the rank of captain. 
“ While a soldier,” says he, “ I had sometimes the honour 
and misfortune to lodge and dislodge an army; ” but this 
is all the information he gives us of his military career. 
In the year 1648 he was instrumental in discovering 
and frustrating a design on the part of tho Koyalists to 
seize Doyley House in the county of Hereford, and other 
strongholds, for which he received the thanks of Parlia¬ 
ment “for his ingenuity, disoretion, and valour,” and a 
substantial reward of 5002.f Ho was also recommended to 
the Committee of Worcester for further employment. But 
from that time we hear no more of him in connection with the 
civil wars. When Cromwell assumed the supreme control 
of affairs, Yarranton retired from the army with most of tho 
Presbyterians, and devoted himself to industrial pursuits. 


* A copy of the entries in tne parish 
register relating to the various members 
of She Yarranton family, kindly for¬ 
warded to us by the I!ev. H. W. Cookes, 
rector of Astley, shows them to have 
raided in that parish for many genera¬ 
tions. There were the Ynrrautous of 
Yarranton, of Itodstone, of Larford, of 
Brockenton, and ofLongmore. With 
that disregard for orthography inproper 
names which prevailed some throe 
hundred years since, they arc indif¬ 


ferently designated as Yarran, Ynr- 
lauton, aud Yarrington. The name 
was most probably derived from two 
farms named Great and Little Yar¬ 
ranton, or Yarran (originally Yar- 
hompton), situated in the parish of 
Astley, The Tarrautons frequently 
filled local offices in that parish, and 
we find several of them officiating at 
different periods as bailifis of Bewdley. 

f Journals of the House of Com¬ 
mons, 1st July, 1648. 
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"We thou find him engaged in carrying on the manufac¬ 
ture of iron at Ashley, near Bewdloy, in Worcestershire. 
“In the year 1652,” says he, “I entered upon iron-works, 
and plied them for several years.”* He made it a subject 
of his diligent study how to provide employment for the 
poor, then much distressed by the late wars. With the 
help of his wife, he established a manufacture of linon, 
which was attended with good results. Observing how 
the difficulties of communication, by reason of the badness 
of the roads, hindered the dovolopmcnt of tlio rich natural 
l-esources of the woslorn counties,!' ho applied himsolf to 
the improvement of the navigation of the larger rivers, 
making surveys of them at his own cost, and endeavouring 
to stimulate local enterprise so as to enable him to carry 
his plans into effect. 

While thus occupied, the restoration of Charles II. took 
place, and whether through envy or enmity Yarranton’e 
aotivity excited the suspicion of the authorities. His 
journeys from place to place seemed to them to point to 
some Presbyterian plot on foot. On the 13th of November, 
1660, Lord Windsor, Lord-Lieutenant of the county, 
wrote to the Secretary of State—“There is a quaker 
in prison for speaking treason against his Majesty, and 
a countryman also, and Captain Yarrington for refusing 
to obey my authority.”! It would appear from sub¬ 
sequent letters that Yarranton must have lain in prison 
for nearly two years, charged with oonspiring against the 
king’s authority, the only evidence against Mm consisting 


* Yamunton's England's Im * 

G rmcnt by Sea and Land. Fart I. 
on, 11177. 

f There seems a foundation of truth 
in the old English distich— 

The North for Greatness, the East for 
Health, 

The Sonth for Neatness, the West for 
Wealth. 

$ Stair Payer (Mice, Dom. Chn.les 


II. 16fi0-l. Yarranton afterwards 
succeeded in making a friend of lord 
Windsor, os would appear from his 
dedication of England's Improvement 
to his Lordship, whom he thanks for 
the encouragement ho had given to 
him in his survey of several rivers 
with a view to their being rendered 
navigable. 
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of some anonymous letters. At tbo end of May, 1662, he 
succeeded in making his escape from the custody of tlio 
Provost Marshal. The High Sheriff scoured the country 
after him at the head of a party of horse, and then he 
coinmunicatod to the Secretary of State, Sir Edward 
Nicholas, that the suspected conspirator could not he 
found, and was supposed to have made his way to London. 
Before the end of a month Yarranton was again in custody, 
as appoars from the communication of certain justices of 
Surrey to Sir Edward Nicholas.* As no further notioo of 
Yarranton occurs in the State Pap ora, and as wo shortly 
aftor find him publicly occupied in carrying out his plans 
for improving the navigation of the western rivers, it is 
probable that bis innoconcy of any plot was established 
after a legal investigation. A few years later he pub¬ 
lished in London a 4to. traot entitled * A Full Discovery 
of the First Presbyterian Sham Plot,’ which most probably 
contained a vindication of Ms conduct.+ 

Yarranton was no sooner at liberty than we find him 
•again oooupied with his plans of improved inland naviga¬ 
tion. His first scheme was to deepen the small river 
Salwarp, so as to connect Droitwich with the Severn by a 
water communication, and thus facilitate the transport of 
the salt so abundantly yielded by the brine springs near 
that town. In 1605, the burgesses of Droitwich agreed to 


* The following is a copy of the 
document from the State Papers;— 
“ John Bramfield, Geo. jMoore, and 
Thos. Lee, Esqrs. and Justices of 
Surrey, to Sir Edw. Nicholas.—There 
being this day brought before ns one 
Andrew Yarranton, and he accused to 
have broken prison, or at least mode 
his escape out of the Marshalsea at 
Worcester, being there committed by 
the Deputy-Lleuts, upon suspicion of a 
plot in November last; we having 
thereupon examined him, he aliegetn 
that his Majesty hath been sought 
onto on his behalf, and bath given 


order to yourself for his discharge, and 
a supersedeas against ell persons and 
warrants, and thereupon hath desired 
to appeal w to you. The which we 
conceiving to he convenient and reason¬ 
able (there being no positive charge 
agninst him before us), hnve accord¬ 
ingly herewith convoyed him unto you 
by a safe hand, to be further examined 
or disposed o f as yon shall find meet."— 
S. P. 0. Dm. Chat. II. 28rd Ju», 
1662 . 

f We have been unable to refer to 
this tract, there being no copy of it is 
the British Museum, 
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give him 750?. and oiglat salt vats in Upwich, valued at 
802. per annum, •with throe-quarters of a vatin Northwioh, 
for twenty-ono years, in payment for the work. But the 
t,mes were still unsettled, and Yarranton and his partner 
Wall not being rich, the scheme was not then carried 
into effect.* In the following year we find him occupied 
with a similar scheme to open up the navigation of the 
river Stour, passing by Stourport and Kidderminster, and 
connect it by an artificial cut with the river Trent. Some 
progress was made with this undertaking, so far iu advance 
of the age, but, like the other, it came to a stand still for 
want of money, and more than a hundred years passed 
before it was earned out by a kindred genius—James 
Brindley, tlie great canal maker. Mr. Chambors says that 
when Yarranton’s scheme was first brought forward, it met 
with violent opposition and ridicule. The undertaking was 
thought wonderfully hold, and, joined to its great extent, 
tire sandy, spongy nature of the ground, the high banks 
necessary to prevent the inundation of the Stour on the 
canal, furnished its opponents, if not with sound argument, 
at least with very specious topics for opposition and 
laughtcr.f Yarranton’s plan was to make the river itself 
navigable, and by uniting it with other rivers, open up a 
communication with the Trent; while Brindley’s was to 
cut a canal parallel with the river, and supply it with 
wator from thence. Yarranton himself thus accounts for 
the failure of his scheme in ‘England’s Improvement by 
Sea and Band ’:—“ It was my projection,” he says, “ and 
I will tell you the reason why it was not finished. Tho 
river Stour and some other rivers wero granted by an Act 
of Parliament to certain persons of honor, and some pro¬ 
gress was made in the work, but within a small while after 
the Act passedi: it was lot fall again; but it being a brat 

* Nash’s Worcestershire , i. 80S. $ The Aat for making the Stoui 

t John Chambers, Biographical and Sahvarp navigable originated in 
Illustrations of Worcestershire. Lon* the Lords and was passed in tho year 
don, 1820. 1681. 
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of my owe, I was not willing it should bo abortive, where¬ 
fore I made offers to perfect it, having a third part of the 
inheritance to me and my heirs for ever, and we oamo to 
an agreement, upon whioh I fell on, and made it completely 
navigable from Stourbridge to Kidderminster, and carried 
down many hundred tons of coal, and laid out near 1000/., 
and there it was obstructed for want of money." * 

Another of Yairanton’s far-sighted schemes of a similar 
hind was one to connect the Thames with the Severn by 
means of an artificial out, at the very place where, more 
than a century after his death, it was actually earned out 
by modem engineers. This canal, it appears, was twice 
surveyed under his direction by his son. He did, however, 
succeed in his own time in opening up the navigation of 
the Avon, and was the first to carry barges upon its waters 
from Tewkesbury to Stratford. 

The improvement of agriculture, too, had a sliaro of 
Yarranton’s attention. He saw the soil exhausted by long 
tillage and constantly repeated crops of rye, and bo urged 
that the land should have rest or at least rotation of crop. 
With this object he introduced clovor-seed, and supplied 
it largely to the farmers of the wostem counties, who 
found thoir land doubled in value by the new method 
of husbandry, and it shortly became adopted throughout 
the country. Seeing how commerce was retarded by the 
small accommodation provided for shipping at the then priu- 


* Nash, lii his Hist, of ITwr., inti - 
mates that Lord Windsor subsequently 
.■cnewed the attempt to mnke the Sal- 
warp navigable. He constructed five 
out of tile six locks, and then abandoned 
the scheme. Gough, in his edition of 
Cumdm's Brit. ii. 357, Loud. 1789, 
says, “ It is not long since some of the 
boats made use of in Yamnton's navi¬ 
gation were found. Neither tradition 
nor our projector's account of the 
matter perfectly satisfy us why this 
navigation was neglected. . . .We 


must therefore conclude that the nume¬ 
rous works and glass-houses upon the 
Stour, and in the neighbourhood ot 
Stourbridge, did not then exist, a.i>. 
1686.The navigable communi¬ 

cation which now connects Trent and 
Severn, and which runs in the course 
of YaiTonton's project, is already of 

general use.The canal since 

executed under the inspection of Mr. 
Brindley, running parallel with the 
river .... cost the proprietors 
105,000/." 


y 
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oipal ports, Yarranton next made surveys and planned docks 
for the oity of London; but tbougb he zealously advo¬ 
cated the subjeot, ho found few supporters, and his plans 
proved fruitless. In this respect lie was nearly a hundred 
and fifty years before his age, and the London importers 
continued to conduct their shipping business in the crowded 
tideway of the Thames down even to the beginning of the 
present century. 

While carrying on his iron works, it occurred to Yav- 
ranton that it would be of great national advantage if the 
manufacture of tin-plate could be introduced into England. 
Although the riohest tin mines then known oxisted in this 
country, the meohanieal arts were at so low an ebb that 
we were almost entirely dependent upon foreigners for the 
supply of the articles manufactured from the metal. Tho 
Saxons were the principal consumers of English tin, and 
we obtained from them in return nearly the whole of our 
tin-plates. All attempts made to manufacture them in 
England had hitherto failed ; the heating out of the iron 
by hammers into lamin® sufficiently thin and smooth, and 
the subsequent distribution and fixing of the film of tin 
over the surface of the iron, proving difficulties which 
the English manufacturers were unable to overcome. To 
master these difficulties the indefatigahlo Yarranton set 
himself to work. “ Knowing,” says he, “ the usefulness of 
tin-plates and the goodness of our metals for that purpose, 
I did, about sixteen years since (i. e. about 1666), en¬ 
deavour to find out the way for making thereof; where¬ 
upon I acquainted a person of much riches, and one that 
was very understanding in the iron manufacture, who was 
pleased to say that he had often designed to got the trade 
into England, but never could find out the way. Upon 
whioh it was agreed that a sum of monies should be ad- 
vanoed by several persons,* for the defraying of my charges 

* In the dedication of hie book, en- the names of the " noble patriots” who 
titled England's Improvement by Sea sent him on his journey of inquiry. 
and land. Part I., Varranton gives They were Sir Walter Klrtham Blount, 
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of travelling to the place where these plates aro made, and 
from thence to bring away the art of making them. Upon 
which, an able fire-man, that well understood tho nature 
of iron, was made choice of to accompany me; and boing 
fitted with an ingenious interpreter that well understood 
tho language, and that had dealt much in that co mm odity, 
wo marched first for Hamburgh, then to Leipsic, and from 
thence to Dresden, the Duke of Saxony’s court, where wo 
had notice of the place where the plates wore made; which 
was in a largo tract of mountainous land, running from a 
place called Seger-Hutton unto a town called Awe [An], 
boing in length about twenty miles.” * 

It is curious to find how much the national industry' of 
England has been influenced by tbo existence from time to 
timo of religious persecutions abroad, which had the effect 
of driving skilled Protestant artisans, more particularly 
from Flanders and France, into England, where they en¬ 
joyed the special protection of successive English Govern¬ 
ments, and foundod various important branches of manu¬ 
facture. But it appears from, tho history of the tin manu¬ 
factures of Saxony, that that country also had profited in 
like manner by the religious persecutions of Germany, and 
even of England itself. Thus we are told by Yarxanton 
that it was a Cornish minor, a Protestant, banished out 
of England for his religion in. Qucon Mary’s lime, who 
discovered the tin mines at Awe, and that a Romish 

Bari., Sir Samuel Baldwin aud Sir in-' a flemish lug branch of manufacture. 
Timothy Baldwin, Knights, Thomas These were indeed the days of romance 
Foley and Philip Foley, Esquires, and and adventure in manufactures, 
six other gentlemen. The father of * The district is known as the 
the Foleys was himself supposed to have Erzgebirge or Ore Mountains, and the 
introduced the art of Iron-splitting into Kiesengeblrge or Giant Mountains. 
England by an expedient similar to MacCulloch says that upwards of 500 
that adopted by Yavrauton in obtain- mines are wrought In tie former dia¬ 
log a knowledge of the tin-plate rnanu- trict, and tlmt one-thirtieth of the 
fheture (Self-Help, p. 145). The entire population of Saxony to this day 
secret of the silk-throwing machinery derive their subsistence from mining 
of Piedmont was in like manner intro- industry and the manufacture of me- 
duced into England by Mr. Lombe of tallicproducts .—Geajraphical Biot, ii. 
Derby, who shortly succeeded in found- 648, edit. 1854, 
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priest of Bohemia, who had been converted to Lutheranism 
and fled into Saxony for refuge, “ was the chief instrument 
in the manufacture until it was perfected.” These two 
man were held in great regard by the Duke of Saxony as 
well as by the people of the country ; for their ingenuity 
and industry proved the source of great prosperity and 
wealth, “several fine cities,” says Yarranton, “ having been 
raised by the riches proceeding from the tin-works’’—not 
less than 80,000 men depending upon the trade for their 
subsistence; and when Yarranton visited Awe, he found 
that a statue hod been erected to the memory of the 
Cornish miner who first discovered the tin. 

Yarranton was very civilly received by the minors, and, 
contrary to his expectation, he was allowed freely to in¬ 
spect the tinworks and examine the methods by which 
the iron-plates were rolled out, as well as the process of tin¬ 
ning them. He was even permitted to engage a number 
of skilled workmen, whom ho brought over with him to 
England for the purpose of starting the manulaotnre in 
this countiy. A beginning was made, and the tin-plates 
manufactured bj' Yarranton’s men were pronounced of 
better quality even than those made in Saxonj\ “ Many 
thousand plates,” Yarranton says, “ were made from iron 
raised in the Forest of Doan, and were tinned over with 
Cornish tin; and the plates provod far better tlum the 
Gorman ones, by reason of the touglmcsB and floxibleness 
of our forest iron. One Mr. Dison, a tinman in Worcester, 
Mr. Lydiate near Fleet Bridge, and Mr. Harrison near tho 
King’s Bench, have wrought many, and know their good¬ 
ness.” As Yarrnnton’s account was written and published 
during the lifetime of the parties, there is no reason to 
doubt the accuracy of his statement. 

Arrangements were made to carry on the manufacture 
upon a largo scale; but the secret having got wind, a patent 
was taken out, or “ trumpt up ” ns Yarranton calls it, for tho 
manufacture, “the patentee being countenanced by some 
persons of quptity,” and Yarranton was precluded from 
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carrying his operations further. Jt is not improbable 
that the patentee in question was William Chambcrlaine, 
Dud Dudley’s quondam partner in the iron manufacture.* 
“ What with the patent being in our way,” says Yariauton, 
“ and the richest of our partners being afraid to offend great 
men in power, who had their eye upon trs, it caused the 
thing to cool, and the making of the tin-plates wus neither 
proceeded in by us, nor possibly could ho by him that had 
the patent; because neither he that hath the patent, nor 
those that have countenanced him, can make one plato 
tit for use.” Yarrauton’s labours were thus lost to the 
English public for a time; and wo continued to import 
all our tin-jdates from Germany until about sixty years 
ktor, when a tin-plate manufactory was established by 
Cupel Hanbury at l’ontypool in Monmouthshire, where it 
has since continued to bo successfully carried on. 

We can only briefly' refer to the subsequent history of 
Androw Yarranton. Shortly after his journey into Saxony, 
he proceeded to Holland to examine the inland naviga¬ 
tions of the Dutch, to inspect their linen and other manu¬ 
factures, and to inquire into the causes of the then 
extraordinary prosperity of that country compared with 
England. Industry was in a very languishing state at home. 
“ People oonfess they are sick," said Yarranton, “ that trade 
is in a consumption, and the wholo nation languishes.” 
He therefore determined to ascertain whether something 
useful might not bo learnt from the example of Holland. 
The Dutch were then the hardest working and the must 
thriving people in Europe. They were manufacturers and 
carriers for the world. Their fleets floated on every known 
sea; and their herring-busses swarmed along our coasta 
as far north as the Hebrides. The Dutch supplied our 
markets with fish oaught within sight of our own shores, 

* Chambcrlaine and Dudley’s first and tinning iron, copper, &c.," wa* 
licence was granted in 1661 for plating granted in 1673, probably the patent 
steel and tinning the said plates; and in question, 

Chamherlaine’s soie [latent for “ plating 
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while our coasting population stood idly looking on. Yar¬ 
ranton regarded this stato of things as most discreditable, 
and ho urged the establishment of various branches of home 
industry as the best way of out-doing the Dutch without 
fighting them. 

Wherever he travelled abroad, in Germany or in 
Holland, ho saw industry attended by wealth and com¬ 
fort, and idleness by poverty and misery. The same pur¬ 
suits, he held, would prove as beneficial to England as 
they were abundantly proved to bave been to Holland. 
The healthy life of work was good for all—for individuals 
as for the whole nation; and if we would out-do the Dutoh, 
he held that we must out-do them in industry. Bnt all 
must he done honestly and by fair meanB. “Common 
Honesty,” said Yarranton, “ is as necessary and needful in 
kingdoms and oommonwealths that depend npon Trade, as 
discipline is in an army ; and where there is want of com¬ 
mon Honesty' in a kingdom or commonwealth, from thence 
Trade shall depart. Tor as the Honesty of all governments 
is, so shall bo their Riches; and as their Honour, Honesty, 
and Riches arc, so will bo their Strength; and as tlieir 
Honour, Honesty, Riches, and Strength are, so will bo 
their Trade. These are five sisters that go hand in hand, 
and must not he parted.” Admirable sentiments, which 
are as true now as they wore two hundred years ago, when 
Yarranton urged them upon tho attention of tire English 
public. 

On his return from Holland, ho accordingly set on foot 
various schemes of public utility. He stirred up a move¬ 
ment foT the encouragement of tho British fisheries. He 
made several journeys into Ireland for the purpose of 
planting new manufactures there. He surveyed the River 
Blade with tho object of rendering it navigable, and pro¬ 
posed a plan for improving the harbour of Dublin. He 
also surveyed the Dee in England with a view to its being 
connected with tho Severn. Chambers says that on the 
decline of his popularity in 1077, ho was taken by Lord 
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Clarendon to Salisbury to survey tbe Kiver Avon, and find 
out bow that river might be made navigable, and also 
whether a safe harbour for ships could be mado at Christ¬ 
church; and that having found where ho thought safe 
anchorage might be obtained, his Lordship proceeded to 
act upon Yarranton’s recommendations.* 

Another of his grand schemes was the establishment of 
the linen manufacture in the central counties of England, 
whioh, he showed, were well adapted for the growth of 
flax ; and he calculated that if success attended his 
efforts, at least two millions of money then sent out of the 
country for the purchase of foreign linen would be retained 
at home, besides increasing the value of the land on which 
the flax was grown, and giving remunerative employment 
to our own people, then emigrating for want of work. 
“Nothing hut Sloth or Envy,” he said, “can possibly 
hinder my labours from being crowned with the wished- 
for success; our habitual fondness for the one hath already 
brought us to the brink of ruin, and our proneness to the 
other hath almost discouraged all pious endeavours to pro¬ 
mote our future happiness.” 

In 1677 he published the first part of his England's Im- 
vrooement by Sea and Land —a very remarkable book, full of 
sagacious insight as respected the future commercial and 
manufacturing greatness of England. Mr. Dove says of 
.lila book that Yarranton “ chalks out in it the future course 
of Britain with as froo a hand as if second-sight had revealed 
to him those expansions of her industrial career which 
never fail to surprise us, even when we behold them 
realized.” Besides his extensive plans for making harbours 
and improving internal navigation with the object of 
oreating new channels for domestio industry, his schemes 
for extending the iron and the woollen trades, establishing 
the linen manufacture, and cultivating the home fisheries, 
we find him throwing out various valuable suggestions 
with reference to tho means of facilitating commercial 

* Joint Chambers, Biographical Illustrations of Worcestershire. London, 

1820 , 
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transactions, some of which have only been carried out in 
our own day, One of Ms grandest ideas was the establish¬ 
ment of a public bank, the credit of which, based upon the 
security of freehold land,* should enable its papor “ to go 
in trade equal with ready money.” A. hank of this sort 
formed one of the principal means by which the Dutch had 
been enabled to extend their commercial transactions, and 
Yarranton accordingly urged its introduction into England. 
Part of his scheme consisted of a voluntary register of 
real property, for tho purpose of effecting simplicity of 
titlo, and obtaining relief from the excessive charges for ■ 
law,+ as well as enabling money to he readily raised for 
commercial purposes on security of the land registered. 

He pointed ont very graphically the straits to which a 
man is put who is possessed of real property enough, hut 
in a time of pressure is unablo to turn himself round for 
want of ready cash. “ Then," says he, “ all his creditors 
crowd to him as pigs do through a hole to a bean and pease 
rick." “ Is it not a sad thing,” he asks, “ that a goldsmith’s 
hoy in Lombard Streot, who gives notes for the monies 
handed him by the merchants, should take up more monies 
upon his notes in one day than two lords, four knights, 
and eight esquires in twelve months upon all their per¬ 
sonal securities ? We are, as it were, cutting off our legs 
and arms to see who will feed the trunk. But we cannot 
oxpeot this from any of our neighbours abroad, whose 
interest depends upon our loss.” 

He therefore proposed his registry of property as a ready 
means of raising a credit for puiposes of trade. Thus, 
he says, “ I can both in England and Wales register my 
wedding, my burial, and my christening, and a poor pnrish- 
clork is entrusted with the keeping of the hook ; and that 


* Yaranton’s Land Bans urns ac¬ 
tually projected in 1695, and received 
the sanction of Parliament; though the 
Bant of England (founded in the pre¬ 
ceding year) petitioned against, n, nnd 
the scheme #as dropped. 


f It is interesting to note in passing, 

that part of Yarranton’s scheme has 
recently been carried into effort by the 
Act (25 and 26 Viet. o. 58) passed in 
1862 for the Itegistration of Heal 
Estate. 
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which is registered there is held good by our law. But I 
cannot register my lands, to be honest, to pay every man 
his own, to prevent those sad things that attend families for 
want thereof, and to have the great benefit and advantage 
that would come thereby. A register will quicken trade, 
and the land registered will be equal as cash in a man’s 
hands, and the oredit tborcof will go and do in trade wbat 
ready money now doth.” His idea was to raise money, when 
necessary, on the land registered, by giving security thereon 
aftor a form which ho suggested. He would, in fact, have 
made land, as gold now is, tho basis of an extended our- 
roney; and he rightly held that the value of land as a 
security must always be unexceptionable, and superior tc 
any metallic basis that could possibly be devised. 

This indefatigable man continued to urge his various 
designs upon the attention of the public until he was far 
advanced in years. He professed that he was moved to do 
so (and we believe him) solely by an mdont love for his 
country, “whose future flourishing,” said he, “is the 
only reward I ever hopo to see of all my labours.” Yar- 
ranton, howovor, received but little thanks for his per¬ 
sistency, while he encountered many rebuffs. The public 
for the most part turned a deaf ear to his entreaties ; and 
his writings proved of comparatively small avail, at least 
during his own lifetime. He experienced the lot of many 
patriots, even the purest—the suspicion and detraction of 
his contemporaries. His old political enemies do not seem 
to have forgotten him, of which we have the evidence in 
certain rare “ broadsides ” still extant, twitting him with 
the failure of his schemes, and even trumping up false 
charges of disloyalty against him.* 

* One of these is entitled * A Yanuuton Is mode to favour the Tike 
Coffee-house Dialogue, or a Discourse of York’s exclusion from the throne, 
between Captain Y— and a Young not only because be was a papist, but 
Barrister of the Middle Temple; with for graver reasons than lie dare er- 
some Reflections upon the Bill against press. Another scuirilous pamphlet, 
the D. of Y.’ In this broadside, of entitled 'A Word Without Doors,’ 
8} pages folio, published about 18T9, was oIk aimed at him, Yonuntnu, 
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In 1681 lie published the second part of ‘England’s 
Improvement,’ * in which he gave a summary account of 
its then limited growths and manufactures, pointing out 
that Englan d and Ireland were the only northern kingdoms 
remaining unimproved; he re-urged the benefits and neces¬ 
sity of a voluntary register of real property; pointed out 
a method of improving the Royal Navy, lessening the 
growing power of France, and establishing home fisheries; 
proposed the socuring and fortifying of Tangier; described 
a plan for preventing fires in London, and reducing the 
charge for maintaining the. Trained Bands; uiged the 
formation of a harbour at Newhaven in Sussex; and, 
finally, diaooursod at considerable length upon the tin, 
iron, linen, and woollen trades, sotting forth various 
methods for then' improvement. In this last section, after 
referring to the depression in the domestio tin trade 
(Cornish tin selling so low as 70s. the owt.), he suggested 
a way of reviving it. With the Cornish tin he would 
combine “ the Roman cinders and iron-stone in the Forest 


or his friends, replied to the first attack 
in a folio of two pages, eutitled * The 
Coffee-house Dialogue Examined and 
Refuted, liy some Neighbours in the 
Country, well-wishers to the Kingdom’s 
interest.’ The controversy was fol¬ 
lowed up by ‘ A Continuation of the 
Coffee-house Dialogue,' in which the 
chief interlocutor hits Ynmnton rather 
hard for the miscarriage of his “ im¬ 
provements.” “I know," says he, 
‘‘when and wheve you. undertook for 
a email charge to make a river 
navigable, and it has cost the pro¬ 
prietors about six times ns much, and 
is not yet effective; nor can any man 
rationally predict when it will be. I 
know since you left it your son under¬ 
took it, and this winter shamefully 
loft his undertaking.” Yarranton’s 
friends immediately replied in a four- 
page folio, entitled * England's Im¬ 
provements Justified; and the Author 


thereof, Captaiu Y., vindicated from 
the Scandals in a paper called a Coffee¬ 
house Dialogue; with somo Animad¬ 
versions upon the Popish Designs 
therein contained.' The writer says 
hs writes without the privity or sanc¬ 
tion of Yaniuiton, but declares the 
dialogue to be a forgery, and that the 
alleged conference never took place. 
“ Ilis Innocence, when he heard of it, 
only provoked a smile, with this 
answer, Bpntu vilemunt, falsehoods 
must perish, and are soonest destroyed 
by contempt; so that he needs no 
further vindication.” The writor then 
proceeds at some longth to vindicate 
the Captain’s famous work and the 
propositions contained in it. 

* This work (especially with the 
plates) is excessively rare. There la a 
copy of it in perfect condition in ths 
Grenville Library, British Museum. 
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of Doan, which makes the best iron for most uses in tko 
world, and works up to tko best advantage, with delight 
and pleasure to the workmen.” He then described the 
history of his own efforts to import the manufacture of tin¬ 
plates into England some sixteen years before, in which ho 
had boon thwarted by Chamberlaine’s patent, as above 
described,—and offered sundry queries as to the utility of 
patents generally, which, says he, “have the tendency to 
drive trade out of the kingdom.” Appended to the ohapter 
on Tin is an exceeding^' amusing dialogue between a tin- 
miner of Cornwall, an iron-miner of Dean Forest, and a 
traveller (himself). From this we gather that Yarranton’s 
business continued to be that of an iron-manufacturer at 
his works at Ashley near Bewdley. Thus the iron-miner 
says, “ About 28 years since Mr. Yarranton found out a 
vast quantity of Eoman cinders, near the walls of the city 
of Worcester, from whence he and others carried away 
many thousand tons or loads up the river Severn, unto 
their iron-furnaces, to be melted down into iron, with a 
mixture of the Forest of Dean iron-stone; and within 
100 yards of the walls of the city of Worcester there was 
dug up one of the hearths of the Eoman foot-blasts, it 
boing then firm and in order, and was 7 foot deep in the 
earth; and by tho side of the work there was found a pot 
of Eoman coin to the quantity of a peck, some of which 
was presented to Sir [Wm.] Dugdale, and part thereof is 
now in the King’s Closet." * 

In the same year (1681) in which the second part of 
‘ England’s Improvement ’ appeared, Yarranton proceeded 
to Dunkirk for the purpose of making a personal survey of 
that port, then belonging to England; and on his return he 
published a map of the town, harbour, and castle on tho 
sea, with accompanying letterpress, in which he recom- 

* Dr. Nash, in his History of the city, lias made a most able defenea 
Worcestershire, has thrown some of Yan-anton’s statement (vol. i. 9, in 
doubts upon this story; bat Mr. foot-note). 

Green, in his Historioal Antiquities of 
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mended, for the safety of British trade, the demolition of 
the fortifications of Dunkirk before tlioy wore completed, 
which he held would only bo for the purpose of their being 
garrisoned by the French king, llis * Full Discovery 
of the First Presbyterian Sham Plot ’ was published in the 
same year; and from that time nothing further is known 
of Andrew Yarranton. His name and his writings have 
been alike nearly forgotten; and, though Bishop Watson 
declared of him that he deserved to have a statue oroctcd 
to his memory as a great public benefactor, wo do not 
know that he was so much as honoured with a tombstone; 
for wo have been unable, after careful inquiry, to discover 
when and where lie died. 

Yarranton was a man whose views wore far in advance 
of his age. The generation for whom he laboured and 
wrote were not ripe for their reception and realization; and 
his voice sounded among the people lilto that of one crying 
in the wilderness. Bnt though his exhortations to industry 
and Mb large plans of national improvement failod to work 
themselves into realities in his own time, he broke the 
ground, he sowed the seed, and it may be that even at this 
day wo are in some degree reaping the results of his 
labours. At all events, his hooks still live to show how 
wise and sagacious Andrew Yarranton was beyond bis con¬ 
temporaries as to the true methods of establishing upon 
Bolid foundations the industrial prosperity of England. 
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CHAPTER V. 

C'OALBROOKDALE IltON WORKS— THE DARBYS AND 
Reynoldses, 


“ The triumph of the inilnsti ini arts will advance the cause of civiltea, 
lion more rapidly than its warmest advocates could have hoped, and con- 
tiibute to the permanent prosperity and strength of the country far more 
than the most splendid victories of successful war."—C. Baubaqe, The 
Exposition of Idol. _ 

Dun Dudley’s invention of smelting iron with coke made 
of pit-coal was, like many others, born before its time. It 
was neither appreciated by the iron masters nor by the 
workmen. All schemes for smelting ore with any other fuel 
than charcoal made from wood were regarded with incre¬ 
dulity. As for Dudley’s Metallum Martis, as it contained 
no specification, it rovoaled no secret; and when its author 
died, his secret, whatever it might he, died with him. 
Other improvements were doubtless necessary before the 
invention could ho turned to useful account. Thus, until a 
more powerful blowing-furnace had been contrived, the pi o- 
duction of pit-coal iron must necessarily have been limited. 
Dudley himself does not seem to have been able to mnko 
more on an averago than fivo tons a-week, and seven tons 
at the outside. Nor was tlio iron so good as that made by 
charooal; for it is admitted to have boon especially liable 
to deterioration by the sulphureous fumes of iho coal in tbo 
process of manufacture. 

Dr. Plot, in his ‘History of Staffordshire,’speaks of an 
experiment made by one Dr. Blewstone, a High German, 
as “ the last effort ” made in that county to smelt iron-ore 
with pit-coal. He is said to have “ Duilt his fiimaco at 
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Wedncsbury, so ingeniously contrived (that only tho flamo 
of the coal should como to the ore, with several other con¬ 
veniences), that many were of opinion ho would succeed 
in it. But experience, that groat bafflor of speculation, 
showed it would not bo; the sulphureous vitriolic steams 
that wsuo from the pyrites, which frequently, if not always, 
accompanies pit-coal, ascending with the flame, and poi¬ 
soning tho ore sufficiently to make it render much worse 
iron than that made with charcoal, though not porhapa so 
much worse as tho body of the coal itself would possibly 
do.” * Dr. Plot does not give tho year in whioh this “ last, 
effort” was made; but as we find that one Dr. Fredorio de 
Blewston obtained a patent from Charles II. on tho 25th 
Ootober, 1677, for “ a new and effectual way of melting 
down, forging, extracting, and reducing of iron and all 
metals and minerals with pit-ooal and sea-coal, as well 
and effectually as ever hath yet been done by charcoal, 
and with much less charge; ” and as Dr. Plot’s History, in 
which he makes mention of the experiment and its failuro, 
was published in 1686, it is obvious that the trial must 
have been made between those years. 

As the demand for iron steadily increased with tho 
increasing population of the country, and as the supply of 
timber for smelting purposes was diminishing from year 
to year, England was compelled to roly more and more 
upon foreign countries for its supply of manufactured iron. 
Tho number of English forges rapidly dwindled, and tho 
amount of tho homo production became insignificant in 
comparison with what was imported from abroad. Yar- 
ranton, writing in 1G76, speaks of “ the many iron-works 
laid down in Kent, Sussex, Sunny, and in the north of 
England, because the iron of Sweadland, Flanders, and 
Spain, coming in so cheap, it cannot be mado to profit 
hero.” There were many persons, indeed, who held that 
it was better we should be supplied with iron from Spain 


Dr. J wr, Xatural History of Staffordshire, 2nd ed. 1686, p, 128. 
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than make it at homo, in consequonco of the great waste 
of wood involved hy the manufacture; but against this 
view Yarranton strongly contended, and held, what is as 
true now as it was then, that the manufacture of iron was 
tko keystone of England’s industrial prosperity. Ho also 
apprehended great danger to the country from want of iron 
in evont of the contingency of a foreign war. “ "When the 
greatest part of the iron-works are asleep,” said he, “if 
there should he occasion for great quantities of guns and 
bullets, and other sorts of iron commodities, for a present 
unexpected war, and the Sound happen to he locked up, 
and so prevent iron coming to us, truly we Bhould then be 
in a fine case! ” 

Notwithstanding these apprehended national perils arising 
from the want of iron, no steps seem to have been taken 
to supply the deficiency, either hy planting woods on a 
large scale, as recommended by Yarmnton, or by other 
methods; and the produce of English iron continued steadily 
to decline. In 1720-30 there were found only ten furnaces 
remaining in blast in the whole Forest of Doan, where the 
iron-smelters were satisfied with working up merely the 
cinders loft by the Romans. A writer of the timo states 
that we then bought between two and three hundred thou¬ 
sand pounds’ worth of foreign iron yearly, and that Eng¬ 
land was the best customer in Europe for Swedish and 
Russian iron.* By the middle of the eighteenth century 
the home manufacture had so much fallen off, that the total 
production of Great Britain is supposed to have amounted 
to not more than 18,000 tons a year; four-fifths of the iron 
used in the country being imported from Sweden.* 


* Joshua Gee, The Trade and 
Sanitation of Great Britain con¬ 
sidered, 1781. 

t When a bill was introduced into 
Parliament in 1760 with the object of 
encouraging the importation of iron 
from onr American colonies, the Shef¬ 
field tanners petitioned against it. on 


Inc ground Ihat.ifitpassed, English iron 
would be undersold; many forges would 
consequently be discontinued; in which 
case the timber used for fuel would re¬ 
main uncut, and the tanners would 
thereby he deprived of berk for the 
purposes of their trade t , 
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The more that the remaining ironmasters became 
straitened for want of wood, the more they woro compelled 
to vesort to cinders and coke made from coal as a substi¬ 
tute. And it was found that under certain ciroumstanoes 
this fuel answered the purpose almost as woll as charcoal of 
wood. The coke was made by burning the coal in heaps in 
the open air, and it was usually mixed with coal and peat 
in the process of smelting the ore. Goal by itself was used 
by the country smiths for forging whenever they could pro¬ 
cure it for their smithy fires; and in the midland counties 
they had it brought to them, sometimes from great distances, 
slung in bags aoross ho isos’ backs,'—for the state of the roads 
was then so execrablo as not to admit of its being led for 
any considerable distanco in carts. At length we arrive at 
a period when coal seems to have come into general use, 
and when necessity led to its regular employment both in 
smelting the oio and in manufacturing the metal. And 
this brings us to the establishment of the Coalbrookdalo 
works, where the smelting of iron by means of coke and 
coal was first adopted on a large scale as tho regular 
method of manufacture. 

Abraham Darby, the first of a succession of iron manu¬ 
facturers who bore the same name, was the son of a farmer 
residing at Wrensnest, near Dudley. He served an appren¬ 
ticeship to a maker of malt-kilns near Birmingham, affor 
which ho married and removed to Bristol in 1700, to begin 
business on his own account. Industry is of all politics 
and religions: thus Dudley was a Eoyalist and a Church¬ 
man, Yarranton was a Parliamentarian and a Presbyterian, 
and Abraham Darby was a Quaker. At Bristol ho was 
joined by three partners of the same persuasion, who pro¬ 
vided the necessary capital to enable him to sot up works 
at Baptist Mills, near that city, where he carried on the 
business of malt-mill making, to which he afterwards added 
brass and iron founding. 

At that period cast-iron pots were in very general use, 
forming the principal cooking utensils of the working class. 
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Tho art of casting had, however, made such small progress 
in England that tho pots wore for the most part imported 
from abroad. Darby resolved, if possible, to enter upon 
this lucrative branch of manufacture; and lie proceeded to 
make a number of experiments in pot-making. Like others 
who had preceded him, he made his first moulds of clay; but 
they cracked and burst, and one trial failed aftor another. 
He then determined to find out the true method of manu¬ 
facturing tho pots, hy travelling into the country from 
whence tho host were imported, in order to master tho 
grand secret of the trade. With this object he went over 
to Holland in tho year 1700, and after diligent inquiry he 
ascertained that the only sure method of casting '* Ililton 
ware," as such castings were then called, was in moulds of 
fine dry sand. This was the whole secret. 

Returning to Bristol, accompanied hy some skilled Dutch 
workmen, Darby began the new manufacture, and succeeded 
to Bis satisfaction. The work was at first earned on with 
great secrecy, lest other makera should copy the art; and 
the precaution was taken of stopping the keyhole of the 
workshop-door while the casting was in progress. To 
secure himself against piracy, ho proceeded to tako out a 
patent for the process in the year 1708, and it was granted 
for tho term of fourteen years. The rcoital of the patent 
is curious, as showing the backward state of English 
iron-founding at that time. It sets forth that “ whereas 
our trusty and well-beloved Abraham Darby, of our city of 
Bristol, smith, hath by his petition humbly represented to 
us, that by his study, industry, and expense, he hath found 
out and brought to perfection a new way of casting iron 
bellied pots and other iron bellied ware in sand only, with¬ 
out loam or clay, by which such iron pots and other ware 
may bo cast fine and with more ease and expedition, and 
may he afforded cheaper than they can be by the way com¬ 
monly used; and in regard to their cheapness may be of 
great advantage to the poor of this our kingdom, who for 
tho most part use such ware, and in all probability will 

a 
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prevent the merchants of England going to foreign markots 
for sueli Ware, from whence great quantities are imported, 
and likewise may in time supply other markets with that 

manufacture of our dominions,” &c.grants the said 

Abraham Darby the full power and sole privilege to mako 
and sell such pots and ware for and during the term of 
fonrteen years thence ensuing.” 

Darby proceeded to make arrangements for carrying on 
the manufacture upon a large scale at the Baptist Mills; but 
the other partners hesitated to embark more capital in the 
concern, and at length refused their concurrence. Deter¬ 
mined not to be baulked in his enterprise, Darby aban¬ 
doned tbe Bristol firm; and in the year 1709 he removed 
to Coalbrookdtile in Shropshire, with the intention of pro¬ 
secuting the enterprise on his own account. He took the 
lease of a little furnace which had existed at the place for 
more than a centiu-y, as tho records exist of a “ smethe ” or 
“ smeth-house” at Coalbrookdalein the time of the Tudors. 
The woods of oak and hazel which at. that time filled tho 
beautiful dingles of tho dale, and spread in almost a con¬ 
tinuous forest to the base of tbo Wrekin, furnished abun¬ 
dant fuel for tho smithery. As the trade of tho Coalbrook- 
dale firm extended, these woods beoamo cleared, until the 
same scarcity of fuel began to be experienced that had 
already desolated tho forests of Sussex, and brought the 
manufacture of iron in that quarter to a stand-still. 

It appears from the * Blast Furnace Memorandum Book’ 
of Abraham Darby, which we havo examined, that the 
make of iron at the Coalbrookdale foundry, in 1718, varied 
from five to ten tons a week. The principal articles cast 
were pots, kettles, and other “ hollow ware,” direct from 
tho smelting-furnace; the rest of the metal was run into pigs. 
In course of time we find that other castings were turned 
out: a few grates, smoothing-irons, door-frames, weights, 
oaking-plates, cart-bushes, iron pestles and mortal’s, and oc- 
casionally a tailor’s goose. The trade gradually increased, 
Until we find as many as ISO Dots and kettleB oaBt in a week. 
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Tho fuil used in the furnaces appears, from the Darby 
Memorandum-Book, to have been at. first entirely char¬ 
coal ; but the growing searoity of wood seems to have 
gradually led to tlie use of coko, brays or small coke, and 
peat. An abundanco of coals existed in the neighbour¬ 
hood: by rejecting those of inferior quality, and coking 
tho others with groat care, a combustible was obtained 
better fitted even than charcoal itself for the fusion of that 
particular kind of ore which is found in tho coal-measures. 
Thus wo find Darby’s most favourite charge for liis furnaces 
to have been five baskets of coke, two of brays, and one of 
peat; next followed the ore, and then the limestone. Tho 
use of charcoal was gradually given up as the art of sriielt- 
iug with coke and brays improved, most probably aided by 
the increased power of the furnace-blast, until at length we 
find it entirely discontinued. 

The castings of C'oalbrookdale gradually acquired a re¬ 
putation, and the trade of Abraham Darby continued to 
increase until the date of his death, which occurred at 
Madoloy Court in 1717. His sons were too young at the 
time to carry on the business which he had so successfully 
started, and several portions of the works were sold at a 
serious sacrifice. But when the sons had grown up to man¬ 
hood, they too entered upon the business of iron-founding ; 
and Abraham Darby’s son and grandson, both of the same 
name, largely extended the operations of the firm, until 
Coalbrookdale, or, as it was popularly called, “ Bedlam,” 
became the principal seat of one of the most important 
branches of tho iron trade. 

There seems to be some doubt as to the precise time when 
jut-coal was first regularly employed at Coalbrookdale in 
smelting tho ore. Mr. Scrivenor says, “ pit-coal was first 
used by Mr. Abraham Darby, in Ms furnace at Coalbrook 
dole, in 1713;”* but wo can find no confirmation of this 
statement in tho records of the Company, It is probable 


History of the Iron Trade, p. 56. 
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that Mr. Darby used raw coal, as was done in tbs Forest of 
Dean, at the samo time,* in the prooess of calcining the ore; 
but it would appear from his own Memoranda that coke 
only was used in the process of smelting. We infer from 
other circumstances that pit-coal was not omployed for the 
latter purpose until a considerably later period. The merit 
of its introduction, and its successful use in iron-smelting, 
is duo to Mr. Richard Ford, who had married a daughter of 
Abraham Darby, and managed the Coalbrookdale works in 
1747. In a paper by the llev. Mr. Mason, Woodwardian 
Professor at Cambridge, given in the 1 Philosophical Trans¬ 
actions ’ for that year, the first account of its successful 
employment is stated ns follows:—“ Several attempts have 
been made to run iron-ore with pit-ooal: he (Mr. Mason) 
thinks it has not succeeded anywhere, as we have had no 
account of its being practised; hut Mr. Ford, of Coalbrook¬ 
dale in Shropshire, from iron-ore and coal, both got in the 
samo dale, makes iron brittle or tough as ho pleases, there 
being cannon thus cast so soft as to hear turning like 
wrought-iron." Most probably, however, it was not until 
the time of Richard Reynolds, who succeeded Abraham 
Darby the second in the management of the works in 1757, 
that pit-ooal oame into large and regular use in the blasting- 
fttmaces as well as the fineries of Coalbrookdale.f 
Riohard Reynolds was born at Bristol in 1735. His pa- 


* See Mr. 1’oivle’s account of ttie 
Iron Worts in the Forest of Dean 
11677-8), In the Philosophical Trans¬ 
actions, vol. ii. p. 418, where he says, 
“After they have pounded their ore, 
their first work i3 to calcine it, which 
is done in kilns, much after the fashion 
of ordinary lime-kilns. These they fill 
up to the top with coal and ore, stratum 
super stratum, until it be full; and so 
nesting fire to the bottom, they iet it 
born till the coal he wasted, and then 
renew the kilns with fresh, ore and coal, 
in the same manner ns befoi a. This is 
done without fusion of the metal, and 
Bcrreo to consume the mwo drossy 


parts of the ore and to moke it friable.” 
The writer then describes the process 
of smelting the ore mired with cinder 
in the furnaces, where, he says, the fuel 
is “.always of charcoal.” “Several 
attempts,” he adds, “ have been made 
to introduce the use of sc.n-co.nl in these 
works instead of charcoal, the former 
being to he had at an easier rate than 
the latter; but hitherto they have 
proved ineffectual, the workmen find¬ 
ing by experience that a sen-coal fire, 
how vehement soever, willnot penetrate 
the most fixed parts of the ore, and so 
loaves much of the metal unmelied.” 
f See Appendix II, 
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rents, like tho Davbys, belonged to the Society of Friends, 
and. ho was educated in that porsuasion. Being a spirited, 
lively yontli, the “ old Adam ” occasionally cropped out in 
him; and he is even said, when a young man, to havo been 
so much fired by the heroism of the soldier’s character that 
ho felt a strong desire to embrace a military career; hut this 
feeling soon died out, and ho dropped into tho sober and 
steady rut of the Society. After serving an apprenticeship 
iu his native town, ho was sent to Coalbrookdale on a mis¬ 
sion of business, where he became acquainted with the 
Darby family, and shortly after married Hannah, tho 
daughter of Abraham the second. He then entered upon 
the conduct of the iron and ooal works at Ketloy and 
Horsehay, where he resided for six. years, removing to 
Coalhrookdale in 1763, to take charge of the works there, 
on the death of liis father-in-law. 

By the exertions and enterprise of the Darbys, the 
Coalbrookdale Works had become greatly enlarged, giving 
remunerative employment to a largo and increasing popu¬ 
lation. The firm had extended their operations far beyond 
the boundaries of tho Dale: they had established foundries 
at London, Bristol, and Liverpool, and agencies at New¬ 
castle and Truro for the disposal of steam-engines and other 
iron machinery used in the deep mines of those dislriots. 
Watt had not yet perfected his stcam-engiue; hut there was 
a considerable demand fur pumping-engines of Newcomen’s 
construction, many of which wore made at tho Coalbrook- 
dale Works. Tho increasing demand for iron gave an im¬ 
petus to ooal-mining, which in its turn stimulated inventors 
in their improvement of the power of the steam-ongine; for 
tho coal could not ho worked quickly and advantageously 
unless tho pits could he kept olear of water. Thus one in¬ 
vention stimulates another; and when the steam-engino 
had boon perfected by Watt, and enabled powerful-blowing 
apparatus to be worked by its agency, we shall find that the 
production of iron by means of pit-coal being rendered oheap 
and expeditious, soon beoam© enormously increased, 
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Wo cue informed that it was while Rickard Reynolds 
had charge of the Coalbrookdale works that a further im¬ 
portant improvement was effected in the manufacture of 
iron by pit-coal. Up to this time the conversion of crudo 
or cast iron into malleable or bar iron had been effected 
entirely by means of charcoal. The process was oarried 
on in a fire called a finery, somewhat like that of a smith’s 
forge; the iron being oxposod to the blast of powerful 
bellows, and in constant contact with the fuel. In the 
first process of fusing the ironstono, coal had boon used 
for some time with increasing success; but the question 
arose, whether coal might not also bo used with effect in 
the second or refining stago. Two of the foremen, named 
Gronego, suggested to Mr. Reynolds that this might bo 
performed in what is oalled a reverberatory furnace,* in 
which the iron should not mix with tlio ooal, but he heated 
solely by the flame. Mr. Reynolds greatly doubted the 
feasibility of the operation, but he authorized the Craneges 
to make an experiment of their process, the result of which 
will he found described in the following extract of a letter 
from Mr. Reynolds to Mr. Thomas Goldney of Bristol, 
dated “ Ooalhrookdale, 2oth April, 1766 — 


* Reverberatory, so called because 
the dame or current of heated gases 
from the fuel ia caused to bo reverbe¬ 
rated or reflected down upon the sub¬ 
stance under operation before posing 
into the chimney. It is curious that 
Rovenson, in his Ti-eatise rf MctaUica 
of 1613, describes a reverbemtory fur¬ 
nace in which iron woe to be smelted 
by pit-carl, though it docs not appear 
that he succeeded in perfecting his in¬ 
vention. Dr. Percy, in his excellent 
work on Metallurgy, thus describes a 
reverberatory furnace:—“ It consists 
essentially of three parts—a fireplace 
at oue end, a stack or chimney at the 
ether, and a bed between both on ■ 
which the matter is heated. The fire¬ 
place is separated from the bed by a I 


low partition wall called the fire¬ 
bridge, and both are covered by an 
arched roof which rises fl-om the end 
wall of the fireplace and gradually dips 
toward the furthest end of the bal 
connected with the stack. On one or 
both sides of the bed, or at the end 
near the stack, maybe openings through 
which tiro ore spread over the surface 
of the bed may be stirred about mid 
exposed to tho action of the air. The 
matter is heaLed in such u furnace by 
flame, and is kept from contact with 
the solid fuel. The flame in its course 
from the fireplace to the stack is re. 
fleoted downwards or reverberated on 
the matter beneath, whence the name 
reverberatory furnace.” 
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« ... “I come now to what I think a matter of 
very great consequence. It is some time since Thos, 
Oranege, who works at Bridgenorth Forge, and his brother 
Goorge, of the Dale, spoke to me about a notion they hail 
conceived of making bar iron without wood charcoal. I 
iold them, consistent with the notion I 3md adopted in 
common with all others I had conversed with, that I 
thought it impossible, because the vegetable salts in the 
charcoal being an alkali acted as an absorbent to the sul¬ 
phur of the iron, which occasions the red-short quality of 
the iron, and pit coal abounding with sulphur would in¬ 
crease it. This specious answer, which would probably 
have appeared conclusive to most, nnd which indeed was 
what I really thought, was not so to them. They replied 
that from the observations they had made, and repeated 
conversations together, they wore both firmly of opinion 
that the alteration from the quality of pig iron into that of 
bar iron was effected merely by heat, and if I would give 
them leave, they would make a tidal some day. I consented, 
but, I confess, without any great expectation of their suc¬ 
cess ; and so the matter rested some weeks, when it hap¬ 
pening that some repail's had to ho done at Bridgenorth, 
Thomas came up to the Dale, nnd, with his brother, mado 
a trial in Thos. Tilly’s air-furnace with such success as I 
thought would justify the erection of a small air-furnace 
at the Forgo for the more perfectly ascertaining the merit 
of the invention. This was accordingly done, and a trial 
of it has been made this week, and the success has sur¬ 
passed the most sanguine expectations. The iron put into 
the furnace was old Bushes, which thou knowest are always 
made of hard iron, and the iron drawn out is tho toughest 
I ever saw. A bar 1£ inch Bquare, when broke, appears to 
have very little cold short in it. I look upon it as one of 
the most important discoveries ever made, and take tho 
liberty of recommending thee and earnestly requesting 
thou wouldst take out a patent for it immediately. . . . 
The specification of the invention will ho comprised in a 
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few words, as it will only set forth that a reverberatory fur. 
naeo being built of a proper construction, the pig or cast 
iron is put into it, and without the addition of anything 
else than common raw pit coal, is converted into good 
malleable iron, and, boing taken red-hot from the reverbo- 
vatory furnace to tho forgo hammer, is drawn out into bars 
of various shapes and sizes, according to the will of the 
workmen.” 

Mr. Beynolds’s advice was implioitly followed. A patent 
was secured in the name of the brothers Granogo, dated 
tho 17th June, 1706; and tho identical words in the above 
letter were adopted in the specification as descriptive of 
the process. By this method of puddling, as it is termed, 
the manufacturer was thenceforward enabled to produce 
iron in increased quantity at a largo reduction in prioo; 
and though tho invention of iho Graneges was greatly im¬ 
proved upon by Onions, and subsequently by Cort, thero 
can be no doubt as to the originality and tho importance of 
their invention. Mr. Tylor states that he was informed by 
the son of Ilichard Itcynolds that the wrought iron made at 
Coalbrookdale by the Crancge process ‘ ‘ was very good, quite 
lough, and broke with a long, bright, fibrous fraoture: that 
made by Cort afterwards was quite different.”* Though 
Mr. Eeynolds’s generosity to tho Cranoges is apparent in 
the course which he adopted in securing for them a patent 
for the invention in their own. names, it does not appear 
to have proved of much advantage to them; and they 
failed, to rise above the rank which they ocoupied when 
their valuable discovery was patented. This, however, 
was no fault of Bichard Eoynolds, but was mainly attribut¬ 
able to tbe cirrumstanco of otlior inventions in a great 


* Mr. Tv’LOn oi i J Total Hoc/:— Re¬ 
ports un the Pun's Exhibition of ' S55. 
Pittt II. 182. We are iufoimed by 
Mr. Reynolds of Coed-du, a grandson 
of Richard Reynolds, that “on further 
trials many difficulties erase. The 


j bottoms of tbe formica) were destroyed 
by tlio heat, and the quality of the iron 
varied. Still, by a lettor dated May, 
1767, it appears there hod been sold 
of iron made an the new way to tbe 
value of 247/. 14s. 6<f," 
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measure superseding tlicir process, ancl depriving them ol 
Hie benefits of their ingenuity. 

Among the important improvements introduced by Mr. 
Reynolds while managing the Coalbrookdale Works, was 
the adoption by him for the first time of iron instead 
of wooden rails in the traui-roads along which coal 
and iron were conveyed from one part of the works to 
another, as well as to the loading-places along the river 
Severn, lie observed that the wooden rails soon became 
decayed, besides being liable to be broken by the heavy 
loads passing over them, occasioning much loss of time, 
interruption to business, and heavy expenses in repairs. 
It occurred to him that these inconveniences would be ob¬ 
viated by tbe use of rails of cast-iron; and, having tried an 
experiment with them, it answered so well, that in 17 C7 
the whole of the wooden rails wore taken np and replaced 
by rails of iron. Thus was the era of iron railroads fairly 
initiated at Coalbrookdale, and the example of Mr. Rcj-nolds 
was shortly after followed on all the tramroads throughout 
the country. 

It is also worthy of note that the first iron bridge ever 
erected was cast and made at the Coalbrookdale Works—-its 
projeotioSi as well as its oreotion being mainly due to the 
skill and enterprise of Abraham Darby the third. When 
but a young man, he showed indications of that sagacity 
and energy in business which seemed to be hereditary in 
his family. One of the first things he did on arriving at 
man’s estate was to set on foot a scheme for throwing a 
bridgo across the Severn at Coalbrookdale, at a point 
where tho banks were steep and slippery, to accommodate 
the large population which had sprung up along both 
hanks of the river. There were now thriving iron, brick, 
and pottery works established in the parishes of Madeley 
and Broseley; and tho old ferry on the Severn was found 
altogether inadequate for ready communication between one 
bank and the other. The want oi a bridge had long been 
felt, and a plan of one had been prepared during the life- 
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time of Abraham Darby tho second; but the project was sus¬ 
pended at liis death. When his son came of ago, ho rcsol ved 
to take up his father’s droppod scheme, and prosecute it to 
completion, which ho did. Young Mr. Darby bocame lord of 
the manor of Madeloy iu 177(5, and was the owner of one-half 
of the ferry in right of his lordship. Ho was so fortunate 
as to find the owner of tho other or Broseley half of tho 
ferry equally anxious with himself to connoot the two 
banks of the river hy means of a bridge. The necessary 
powers were accordingly obtained from Parliament, and a 
bridge was authorized to bo built “of cast-iron, stone, 
brick, or timber.” A company was iormod for tho pnrposo 
of carrying out the project, and the shares wore taken 
by tho adjoining owners, Abraham Darby being tho prill 
oipal subscriber. 11 

The construction of a bridge of iron was an entirely new 
idea. An attempt had indeed been made at Lyons, in 
Franco, to construct such a bridge more than twenty years 
before; but it had entirely failed, and a bridge of-timber 
was erected instead. It is not known whether the Coal- 
btookdale masters bad heard of that attempt; but, oven if 
they bad, it could have been of no practical use to thorn. 


* Among the other subscribers were 
the tier. Mr. HrnTis, Mr. Jennings, 
«nd Mr. John Wilkinson, an active 
promoter of the scheme, who gave the 
company the benefit of his skill ami 
experience when it was determined to 
cimtiuct the bridge of iron, for aw 
account of John Wilkinson see Lives of 
the Engineers, vol. ii. 337, 3SG. In 
the description of the first iron bridge 
given in that work we have, it ap¬ 
pears, attributed rather more credit to 
Mr. Wilkinson than ho is entitled to. 
Mr. Darby was tho most active pro¬ 
moter of the scheme, and had the prin¬ 
cipal share in the design. Wilkinson 
nevertheless was a man of great energy 
nnd originality. Bosidis being tho 
bullin' of the first iron ship, he was 


the first to invent, for James Watt, n 
machine that would bora a tolerably 
true cylinder. Ho afterwards esta¬ 
blished iron works ia France, and 
Arthur Young says, that " until thin 
well-known English manufacturer ar¬ 
rived, the French knew nothing of the 
art of casting cannon solid and then 
boring them " ( Travels in France, 4to. 
ed. London, 1792, p. 90). Yet Eng- 
lnnd had borrowed hoc first eflnnon- 
ninkcr from Fnuico in the person ul 
l'eter Baudc, ns described in chap. ii!. 
Wilkinson is also said to have invented 
a kind of hct-blast, in respect of which 
various witnesses gave evidence on the 
trial of Nellson’s patent in 1839 ; but 
tho invention docs not appear to have 
been perfected by him. 
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Mr. Pritchard, an. architect of Shrewsbury, was first em¬ 
ployed to prepare a design of the intended structure, which 
is still preserved. Although Mr. Pritchard proposed to 
introduce cast-iron in the arch of the bridgo, which was to 
be of 120 feet span, it was only as a sort of key, occupying 
hut a few feet at the crown of the arch. This sparing uso 
of cast iron indicates the timidity of the architect in dealing 
with the new material—his plan exhibiting a desire to 
effect a compromise betwoon the tried and the untried in 
bridge-oonstruction. But the use of iron to so limited an 
extont, and in such a part of the structure, was of more 
than questionable utility; and if Mr. Pritchard's plan had 
been adopted, the problem of the iron bridge would still 
have remained unsolved. 

The plan, however, after having been dnly considered, 
was eventually set aside, and another, with the entire arch 
of cast-iron, was prepared .under the superintendence of 
Abraham Darby, by Mr. Thomas Gregory, his foreman of 
pattern-makers. This plan was adopted, and arrangements 
were forthwith made for oanying it into effeot. The abut¬ 
ments of the bridge were built in 1777-8, during which 
the castings were made at the foundry, and the ironwork 
was successfully erected in the course of three months. 
The bridge was opened for traffic in 1779, and proved a 
most serviceable structure. In 1788 the Sooiety of Arts 
recognised Mr. Darby’s merit as its designer and erector 
by presenting him with their gold medal; and the model 
of the bridge is still to be seen in the collection of the 
Society. Mr. Robert Stephenson has said of the structure: 
“ If we consider that the manipulation of cast-iron was then 
completely in its infancy, a bridge of such dimensions was 
doubtless a hold as well as an original undertaking, and 
the efficiency of the details is worthy of the boldness of the 
conception.” * Mr. Stephenson adds that from a defect in 
the construction the abutments wore thrust inwards at the 


Mraycfopmdia Sntannica, 8tb «l. Art. "Iron Bridge.’ 
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approaches anil tlio ribs partiallj fractured. We are, how¬ 
ever, informed that this is a mistake, though it does appear 
that the apprehension at one time existed that such an 
accident might possibly occur. 

To remedy the supposed defect, two small land arches 
wore, in the year 1800, substituted for the stone approach 
on tlio Brosoley side of the bridge. While the work was 
in progress, Mr. Telford, the well-known enginoor, carefully 
examined the bridge, and thus spoke of its condition at the 
time:—“ Tho great improvement of erecting upon a navi¬ 
gable river a bridge of east-iron of one arch only was first 
put in practice near Coalbrookdale. The bridge was 
exeouted in 1777 by Mr. Abraham Darby, and tho ironwork 
is now quite as perfect as when it was firet put up. Draw¬ 
ings of this bridge have long been before the public, and 
have been much and justly admired.” * A Coalbrookdalo 
correspondent, writing in May, 1802, informs ns that “at 
tho present time the bridge is undergoing repair; and, 
special examination having been made, there is no appear¬ 
ance cither that the abutments have moved, or that tho ribs 
have been broken in the centre or are out of their proper 
right line. There has, it is true, been a strain on tbe land 
arches, and on the roadway plates, which, however, the 
main arch has been able effectually to resist.” 

The bridge has now been in profitable daily use for 
upwards of eighty years, and has during that time proved 
of tho greatest convenience to the population of the dis¬ 
trict. So judicious was the selection of its site, and so 
groat its utility, that a thriving town of the name of Iron- 
bridge has grown up around it upon what, at the time of 
its erection, was a nameless part of “the waste of tho 
manor of Madeley." And it is probable that the bridge 
will last for centurios to come. Thus, also, was the use of 
iron os an important material in bridge-building fairly 
initialed at Coalbrookdale by Abraham Darby, as the use 


* Pj.vyi.ET, General Vifa of the Agriculture of Shropshire, 
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of iron rails was by Richard Reynolds. "We need scarcely 
add that since the invention and extensive adoption of 
railway locomotion, the employment of iron in various 
forms in railway and bridge structures has rapidly in¬ 
creased, until iron has come to be regarded as the very 
sheet-anchor of the railway engineer. 

In the mean time the works at Coalbrookdale had become 
largely extended. In 1784, when the government of the 
day proposed to lovy a tax on jut-coal, Richard Reynolds 
strongly urged upon Mr. Pitt, then Chancellor of the Ex¬ 
chequer, as well as on Lord Gower, afterwards Marquis ot 
Stafford, the impolicy of such a tax. To the latter he 
represented that large capitals had been invested in the 
iron trade, which was with difficulty carried on in the face 
of the competition with Swedish and Russian iron. At 
Coalbrookdale, sixteen “fire engines,” as steam engines 
wero first called, were then at work, eight blast-furnaces 
and nine forges, besides the air furnaces and mills at the 
foundry, which, with the levels, roads, and more than 
twenty mil os of iron railways, gave employment to a very 
large number of people. “ Tho advancement of the iron 
trade within these few years,” said he, “ has been prodi¬ 
gious. It was thought, and justly, that the making of pig- 
iron with pit coal was a great acquisition to the country 
by saving the wood and supplying a material to manufac¬ 
tures, the production of which, by tho consumption of all 
tho wood tho country produced, was formerly unequal to 
the demand, and the nail trade, perhaps tho most consider¬ 
able of any one article of manufactured iron, would have 
been lost to this country had it not been found practicable 
to make nails of iron made with pit coal. We have now 
another process to attempt, and that is to make bar inn 
with pit coal; and it is for that purposo we have made, or 
rather are making, alterations atDonnington Wood, Kelley, 
and elsewhere, which wo expect to complete in the present 
year, but not at a less expense than twenty thousand pounds, 
which will he lost to us, and gained by nobody, if this tax 
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is laid upon our coals.” lie would not, howevor, have it 
understood that ho sought for any protection for the home¬ 
made iron, notwithstanding the lower prices of the foreign 
article. “ From its most imperfect state as pig-iron,” ho 
observed to Lord Sheffield, “ to its highest finish in tile 
regulating springs of a waleh, wo have nothing to fear if 
the importation into each country should he permitted 
without dnt 3 \" Wo need scarcoly add that the subsequent 
history of the iron trade abundantly justified theso saga¬ 
cious anticipations of Iiicliard ltoynolds. 

Ho was now far advanced in years. His business had 
prospered, his moans wero ample, and lie sought retire¬ 
ment. He did not desire to possess great wealth, which in 
his opinion entailed suoh serious responsibilities upon its 
possessor; and he hold that the accumulation of large pro¬ 
perty was more to he deprecated than desired. He there¬ 
fore determined to give up his shares in the ironworks at 
Kotley to his sons William and Joseph, who continued to 
carry them on. William was a man of eminent ability, 
well versed in science, and an exoellont mechanic. Ho in¬ 
troduced great improvements in the working of the coal 
and iron mines, employing new machinery for the purpose, 
and availing himself with much ingenuity of tho discoveries 
then being made in tho science of chemistry. Ho was also 
an inventor, having been the first to employ (in 1788) 
inclined planes, consisting of parallel railways, to conneot 
and work canals of different levels,—an invention errone¬ 
ously attributed to Fulton, hut which the latter himself 
acknowledged to belong to William Reynolds. In the first 
chapter of his ‘Treatise on Canal Navigation,’ published 
in 1796, Fulton says:—“ As local prejudices opposed the 
Dube of Bridgewater’s canal in tho first instance, prejudices 
equally strong as firmly adhered to tho principle on which 
it was constructed; and it was thought impossible to lead 
one through a country, or to work it to any advantage, 
unless by locks and boats of at least twenty-five tons, till 
the genius of Mr. William Reynolds, of Ketley, in Shrop- 
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shire, stepped from the accustomed path, constructed the 
first inclined plane, and introdnced boats of five tons. This, 
like tho Dnke’s canal, was deemed a visionary project, and 
particularly by his Grace, who was partial to locks; yet 
this is also introduced into practice, and will in many 
instances supersede lock canals.’’ Telford, the engineer, 
also gracefully acknowledged the valuable assistance he 
received from William Reynolds in planning the iron 
aqueduct by means of which, tho Ellesmere Canal was 
carried over the I’ont Cysylltau, and in executing the ne¬ 
cessary castings for the purpose at the Ketley foundry. 

Tho future management of his extensive ironworks being 
thus placed in able hands, Iiichard .Reynolds finally left 
Coalbrookdale in 1804, for Bristol, his native town, where 
he spent the remainder of his life in worliB of charity and 
mercy. Here we might leave tho subject, but cannot 
refrain from adding a few concluding words as to the moral 
characteristics of this truly good man. Though habitually 
religious, ho was neither demure nor morose, but cheerful, 
gay, and humorous. He took great interest in the plea¬ 
sures of the young people about him, and exerted himself 
in all ways to promote their happiness. Ho was fond of 
books, pictures, poetry, and music, though the indulgence 
of artistic tastes is not thought becoming in tho Society 
to which ho belonged. His love for the beauties of nature 
amounted almost to a passion, and when living at The 
Bank, near Kelley, it was his great delight in the summer 
evenings to retire with his pipe to a rural seat command¬ 
ing a full view of tho Wrokin, the Ercall Woods, with 
Cader Idris and the Montgomeryshire hills in tho distance, 
and watch the sun go down in the west in his glory. Once 
in every year he assembled a large party to spend a day 
with him on the Wrekin, and amongst those invited were 
the principal clerks in the company’s employment, together 
with their families. At Madeloy, near Coalbrookctale, where 
he bought a property, ho laid out, for the express use of 
the workmen, extensive walks through the woods on Lin* 
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coin Hill, commanding beautiful views. They woro called 
“ The Workmen’s Walks,” and were a source of great en¬ 
joyment to them and their families, especially on Sunday 
afternoons. 

When Mr. Reynolds went to London on business, he was 
accusti med to make a round of visits, on his way home, to 
placoB remarkable for their pioturosquo beauty, such as 
Stowe, Hagley Park, and the Leasowes. After a visit to 
the latter place in 1767, he thus, in a letter to his friend 
John Maccappen, vindicated his love for the beautiful in 
nature :—“ 1 think it not only lawful but expedient to cul ■ 
tivato a disposition to be pleased with tho beauties of 
nature, by frequent indulgences for that purpose. The 
mind, by being continually applied to the consideration of 
ways and means to gain money, contracts an indiffereney 
if not an insensibility to the profusion of beauties which 
the benevolent Creator has impressed upon every part of 
tho mateiial creation. A sordid love of gold, tlio posses¬ 
sion of what gold can purchaso, and the reputation of being 
rich, have so depraved the finer feelings of some men, 
that they pass through tho most delightful grove, filled 
with the melody of nature, or listen to tho mnrmnrings of 
the brook in tho valley, with as little pleasure and with no 
more of the vernal delight which Milton describes, than 
they feel in passing through some obscure alloy in a town.” 

When in the prime of life, Mr. Eoynolds was an excel¬ 
lent rider, performing all his journeys on horseback. He 
used to give a ludicrous acoount of a raoe he onco ran 
with another youth, each having a lady seated on a pillion 
behind him j Mr. Beynolds reached the goal first, hut when 
he looked round he found that he had lost his fair com 
panion, who had fallen off in the raoe 1 On another oc¬ 
casion he had a hard run with Lord Thurlow during a 
visit paid by the latter to the Ketley Iron-Works. Lord 
Thurlow pulled up his horse first, and obsorved, laugh¬ 
ing, “I think, Mr. Beynolds, this is probably the first 
timo that ever u Lord Chancellor rode a race with a 



tfk Lv. 


Ills CHARACTER. 


0? 


(Quaker! ” But a stranger rencontre was one which befel 
Mr. Reynolds on Blacklteath, Though lie declined Govern¬ 
ment orders for cannon, he seems to liave had a secret 
hankering after the “pomp and circumstance” of military- 
life. At all events he was present on Blackheath one day 
when George III. was reviewing some troops. Mr. Rey¬ 
nolds’s horse, an old trooper, no sooner heard tho sound of 
the trumpet than he started off at full speed, and made 
directly for tho group of officers bofm-o whom the troops 
wore defiling. Groat was the surprise of tho King when 
he saw tho Quaker draw up alongside of him, hut still 
greater, perhaps, was the confusion of the Quaker at finding 
himself in such company. 

During the later years of his life, while living at 
Bristol, his hand was in ever}' good work; and it was 
often felt where it was not seen. For he carefully avoided 
ostentation, and profo-red doing his good in secret. lie 
strongly disapproved of making charitable bequests by 
will, which he observed in many eases to have been the 
foundation of enormous abuses, but held it to he the duty 
of each man to do all the possible good that ho could 
during his lifetime. Many were the instances of his 
princely, though at the time unknown, munificence. Un¬ 
willing to he recognised as the giver of large sums, he 
employed agents to dispense his anonymous benefactions. 
Ho thus sent 20,000/. to London to he distributed during 
the distress of 1795. He had four almoners constantly 
employed in Bristol, finding out cases of dish-ess, relieving 
them, and presenting their accounts to him weekly, with 
details of the cases relieved. Ho searched the debtors’ 
prisons, and where, as often happened, deserving but unfor¬ 
tunate men were found confined for debt, he paid the 
claims against thorn and procured their release. Such a 
man could not ML to ho followed with blessings and gra¬ 
titude; but these ha sought to direct to the Giver of aH 
Good. “ My talent," said ho to a friend, “ is the meanest 
of all talents—a little sordid dust; but as the fiian in the 
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parable who had but one talent was held accountable, 1 
also am accountable for the talent that I possess, humble 
as it is, to the great Lord of all.” On one occasion the 
case of a poor orphan boy was submitted to him, whose 
parents, both dying young, had left him destitute, on 
which Mr. Ecjmolds generously offered to place a sum in 
tko names of trustees for his education and maintenance 
until he could bo apprenticed to a business. Tlio lady 
who represented the case was so overpowered by the muni¬ 
ficence of the act that she burst into tears, and, struggling 
to express her gratitude, concluded with—“ and when the 
dear child is old enough, 1 will teach him to thank his 
benefactor.” “ Thou must teach him to look higher,” inter¬ 
rupted Reynolds: “Do we thank the clouds for rain? 
"When tlio child grows up, teach him to thank Him who 
sen doth both the clouds and the rain.” Eeynolds himself 
deplored his infirmity of tomper, which was by nature 
hasty; and, as his benevolonce was known, and appeals 
wore mado to him at all times, seasonable and unseason¬ 
able, he sometimes met them with a sharp word, which, 
however, ho had scarcely uttered before he repented of it; 
and he is known to have followed a poor woman to her 
home and ask forgiveness for having spokon hastily in 
answer to her application for help. 

This “ great good man” died on the 10th of September, 
1810, in the 81st year of his ago. At his funeral the poor 
of Bristol were the chief mourners. The children of the 
benevolent societies which ho had munificently supported 
during his lifetime, and somo of which ho had founded, 
followed his body to the grave, The procession was joined 
by the clergy and ministers of all denominations, and by 
men of all classes and persuasions. And thus was Richard 
Eeynolds laid to his rest, leaving behind him a name full 
of good odour, which will long be held in grateful remem¬ 
brance by the inhabitants of Bristol, 
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CHAPTER VI. 

Invention on Cast Steel—Benjamin Huntsman. 


'• It may be averred that as certainly ns the age of it on superseded that 
of bronze, so will the ago of steel reign triumphant over iron."—H enby 
Bessemer. 

“ Aujourd’hul la revolution qua devait amener en Gmnde-Bretagne U 
memorable ddcourerte de Benjamin Huntsman est tout a fitit accomplie, 
et chaque jour les consequences e'en feront plus vivement sentir sur le 
continent.”— .Le Play, Sur In Fabrication de I'Acicr en Yorkskire. 


Ikon, besides boing used in various forms an bar and cast 
iron, is also used in various forms as bar and cast steel ; 
and it is principally because of its many admirable quali¬ 
ties in tbeso latter forms that iron maintains its supremacy 
over all the other metals. 

The process of converting iron into steel had long been 
known among the Eastern nations before it was introduced 
into Europe. The Hindoos were especially skilled in tbo 
art of making steel, ns indeed they are to this day; and it is 
supposed that the tools with which the Egyptians covered 
their obelisks and temples of porphyry and syenite with 
hieroglyphics wore made of Indian steel, as probably no 
other metal was capable of executing such work. The 
art seems to have been well known in Germany’ in the 
Middle Ages, and the process is on the whole very faith¬ 
fully described by Agricola in bis great work on Metal¬ 
lurgy.* England then produced very little steel, and was 
mainly dependent for its supply of the artiole upon the 
continental makers. 


* AaBicoLA, De De MetaUica, BbbJ», 1621. 
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From an oarly period Sheffield became distinguished for 
its manufacture of iron and steel into various useful articles. 
Wo find it mentioned in the thirteenth century as a place 
where the best aiTOwheads were made,—tho Earl of Kich- 
mond owing his success at the battle of Bosworth partly to 
their superior length, sharpness, and finish. The manu¬ 
factures of the town became of a more pacific character in 
the following centuries, during which knives, tools, and 
implements of husbandry became tho loading articles. 

Chaucer’s reference to tho ‘ Sheffield tliwytel’ (or case- 
knife) in his Canterbury Tales, written about the end of 
the fourteenth century, shows that the place had then 
become known for its manufacture of knives. In 1575 we 
find the Earl of Shrewsbury presenting to his friend Lord 
Burleigh “ a case of Hallamshire whittells, being such 
fruites as his pore cuntrey affordeth with fame throughout 
the realme.” Fuller afterwards speaks of the Sheffiold 
knives as “ for oommon use of the country people,” and lie 
cites an instance of a knave who cozened him out of four- 
pence for one when it was only worth a penny. 

In 1600 Sheffield became celebrated for its tobacco-boxes 
and Jew’s-harps. The town was as yet of small size and 
population; for when a survey of it was made in 1615 it 
was found to contain not more than 2207 householders, of 
whom one-third, or 725, were “ not ablo to live without the 
charity of their neighbours: these are all begging poor.”* 
It must, however, hnvo continued its manufacture of knives; 
for we find that the knife with which Eelton stabbed tho 
Duke of Buckingham at Portsmouth in 1628 was traced to 
Sheffield. The knife was left sticking in the duke’s body, 
and when examined was found to bear the Sheffield corpo¬ 
ration mark. It was ultimately ascertained to liavo boon 
made by one "Wild, a cutler, who had sold the knife for 
tenponco to Felton when recruiting in the town. 

At a still later period, tho manufacture of clasp or spring 


* The Rev. Joseph Hdxter, History of HaUamshire. 



CnAr. VI. “BLISTERED" AND '• SHEAR" STEEL. 101 

knives was introduced into Sheffield by Flemish wo rkm en. 
Harrison says this trade was begun in 1050. The clasp- 
knife was commonly known in the North as a joctchg. 
Hence Burns, describing the famous article treasured by 
Captain Grose the antiquarian, says that— 

“ It was a fituldlog/ocfa%. 

Or lang-kuil gully 

the word being merely a corruption of Jacques de Liege, a 
famous foreign cutler, wIioho knives were as well known 
throughout Europe as those of Sogers or Mappin aro now. 
Scythes and sickles formed other branches of manufacture 
introduced by the Flemish artisans, the makers of the 
former principally living in the palish of Norton, thoso of 
the latter in Eckington. 

Many improvements were introduced from time to time in 
the material of which these articles were made. Instead of 
importing the German steel, as it was called, the Sheffield 
manufacturers began to make it themselves, principally 
from Dannemora iron imported from Sweden. The first 
English manufacturer of the article was one Crowley, a 
Newcastle man; and the Sheffield makers shortly followed 
his example. We may hero briefly state that the ordinary 
method of preparing this valuable material of manufactures 
is by exposing iron bars, placed in contact with roughly- 
granulated charcoal, to an intense heat,—the process lasting 
for abont a week, more or less, according to the degree of 
carbonization required. By this means, what is called 
Mistered steel is produced, and it furnishes the material out 
of which razors, files, knives, swords, and various articles 
of hardware are manufactured. A further process is the 
manufacture of the metal thus treated into shear steel, by 
exposing a fasciculus of tho blistered steel rods, with sand 
scattered over them for the purposes of a flux, to the heat 
of a wind-furnace until the whole mass becomes of a 
welding heat, when it is taken from the fire and drawn 
out under a forge-hammF:”,—the process of welding being 
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repeated, after which the steel is reduced to the required 
sizes. The article called faggot Bteel is made aftei a 
somewhat similar process. 

But the most valuable form in which steel is now used 
in the manufactures of Sheffield is that of cast-steel, in 
which iron is presented in perhaps its very highest state 
of perfection. Cast-steel consists of iron united to carbon 
in an elastic state together with a small portion of oxygen; 
whereas crude or pig iron consists of iron combined with 
carbon in a material state.* The chief merits of cast-slcol 
consist in its possessing great cohesion and closeness of 
grain, with an astonishing degree of tenacity and flex¬ 
ibility,—qualities whioh render it of the highest value in 
all kinds of tools and instruments where durability, polish, 
and fineness of edgo aro essential requisites. It is to this 
material that we are mainly indebted for the exquisite 
outting in s trument of the surgeon, tlio chisel of tho sculptor, 
the steel plate on which the engraver practises his art, 
tho cutting tools employed in tho various processes of 
skilled handicraft, down to the common saw or tho axo 
used by the backwoodsman in levelling the primeval 
forest. 

The invention of oast-steel is duo to Benjamin Huntsman, 
of Atteroliffe, near Sheffield. M. Lo Play, Professor of 
Metallurgy in the Iloyal School of Minos of France, after 
making careful inquiry and weighing all the evidenoo on 
the subject, arrived at tho conclusion that the invention 
fairly belongs to Huntsman. The French professor speaks 
of it as a “ memorable discovery,” made and applied with 
admirable perseverance; and he claims for its inventor tho 
distinguished merit of advancing the steel manufactures of 
Yorkshire to tho first rank, and powerfully contributing to 
the establishment on a firm foundation of the industrial 
and commercial supremacy of Great Britain. It is remark¬ 
able that a French writer should have been among the 


* Usurer, Papers on Iron and Steel, 
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first to direot publio attention to the merits of this inventor, 
and to have first published the few facts known as to his 
history in a French Government Beport,—showing tho 
neglect which men of this class have heretofore received 
at home, and the much greater esteem in which thoy are 
hold by scientific foreigners.^ Lo Play, in his enthusiastic 
admiration of the discoverer of so potent a metal as cast- 
steel, paid a visit to Huntsman’s grave in Attercliffo 
Churchyard, near Sheffield, and from the inscription on 
his tombstone recites the facts of his birth, his death, and 
his brief history. With tho assistance of his descendant, 
we are now enabled to add the following record of the life 
and labours of this remarkable but almost forgotten man. 

Benjamin Huntsman was born in Lincolnshire in the 
year 1704. II is parents were of German extraction, and 
had settled in this country only a few years previous to 
his birth. The boy being of an ingenious turn, was bred 
tea meolianical calling j and becoming celebrated for bis ex- 
pertuoss in repairing clocks, ho eventually setup in business 
as a clock maker and mender in tho town of Doncaster. 
Ho also undertook various other kinds of metal work, such 
as the making and repairing of locks, smoke-jacks, roast¬ 
ing-jacks, and other articles requiring mechanical skill. 
He was remarkably shrewd, observant, thoughtful, and 
practical; so much so that ho came to be regarded as the 
“ wise man ” of his neighbourhood, and was not only con¬ 
sulted as to the repairs of machinery, but also of the 
human frame. He practised surgery with dexterity, though 
after an empirical fashion, and was hold in especial esteem 
as an oculist. His success was such that liis advice was 
sought in many surgical diseases, and he was always ready 
to give it, but deolined receiving any payment in return. 


* M. I.e Play’s two elaborate and 
admirable reports on tho manufacture 
of steel, published in the Annales <fes 
Mines, vols. iii, and ix., 4tU series, 
are unique of their kind, and are as 
jret no counterpart in English litera¬ 


ture. They are respectively entitled 
‘ Mdmoire sur in Fabrication de l’Acier 
on Yorkshire,’ and ' JIdmoire sur Is 
Fabrication et le Commerce des Fere i 
Acier dans le Nerd de l'Euiope.’ 
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In the exercise of his mechanical calling, he introduced 
several improved tools, but was much hindered by llio 
inferior quality of tko metal supplied to him, wkioh was 
common Gorman stool. Ho also experienced considerable 
difficulty in finding a material suitable for the springs and 
pendulums of his clocks. These circumstances induced 
him to turn his attention to the making of a better kind of 
steel than was then procurable, for the purposes of his trade. 
His fii'st experiments wero conducted at Doncaster ; * but 
as fuel was difficult to bo had at that place, he deter¬ 
mined, for greater convenience, to remove to the neighbour¬ 
hood of Sheffield, which he did in 1740. He first Bottled 
at Handsworth, a few miles to the south of that town, and 
there pursued his investigations in secret. Unfortunately, 
no records have heen preserved of the methods which ho 
adopted in overcoming the difficulties ho had necessarily 
to encounter. That they must have heen great is certain, 
for tho process of manufacturing cast-steel of a first-rate 
quality even at this day is of a most elaborate and delicate 
character, requiring to he carefully watched in its various 
stages. He had not only to discovor the fuel and flux 
suitable for his purpose, but to build such a furnace and 
make such a crucible as should sustain a heat more in¬ 
tense than any then known in metallurgy. Jngot-moulds 
had not yet heen cast, nor were there hoops and wedges 
made that would hold them together, nor, in short, were 
any of those materials at his disposal which aro now so 
familiar at every melting-furnace. 

Huntsman’s experiments extended over many years be¬ 
fore tho desired result was achievod. Long after his death, 
<ho memorials of the numerous failures through which he 


* There are several cloths still in 
existence in the neighbourhood of 
Doncaster made by Benjamin Hunts¬ 
man ; and there is one in the posses¬ 
sion of his grandson, with a pendulum 
made of cast-steel. The manufacture 


of a pendulum of such a material at 
tlmt early date is certainly curious; 
its still perfect spring and elasticity 
showing tho scrupulous caie w it)i 
which 2 hud f'en mi|de. 
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toilsomely worked, liis way to sueoess, were brought to light 
in the shape of many hundredweights of stoel, found buried 
in the earth in different places about his manufactory. 
From the number of these wrecks of early experiments, it 
is clear that he had worked continuously upon his grand 
idea of purifying the raw steel then in use, by melting it 
with fluxes at an intense heat in closed earthen crucibles. 
The buried masses were found in various stages of failure, 
arising from imperfect melting, breaking of crucibles, and 
bad fluxes; and had been hid away as so much spoiled steel 
of which nothing could be made. At last his perseverance 
was rewarded, and his invention perfected; and though 
a hundred years have passed since Huntsman’s discovery, 
the description of fuel (coke) which he first applied for 
the purpose of melting the steel, and the crucibles and 
furnaces which ho used, are for the most part similar to 
those in use at tho present day. Although the making 
of cast-steel is conducted with gr eater economy and dex¬ 
terity, owing to increased experience, it is questionable 
whether any maker has since been able to surpass tho 
quality of Huntsman's manufacture. 

The process of making cast-steel, as invented by Benjamin 
Huntsman, may be thus summarily described. The melt¬ 
ing is conducted in clay pots or oruoibles manufactured 
for the purpose, capable of holding about 34 lbs. each 
Ton or twelve of such crucibles are placed in a melting 
furnace similar to that used by brass founders; and when 
the furnace aud pots aro at a white heat, to which they 
aro raised by a coke firo, they are charged with bar steel 
reduced to a certain degree of hardness, and broken into 
pieces of about a pound each. When tho pots are all 
thus charged with steel, lids are placed over them, the 
furnace is filled with coke, and the cover put down. 
Under the intense heat to which the metal is exposed, it 
undergoes an apparent ebullition. When the furnace re¬ 
quires feeding, the workmen take the opportunity of lift¬ 
ing the lid of each crucible and judging how far the process 
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has advanced. After about three hours’ exposure to the 
heat, the metal is ready for “ teeming.” The completion 
of the melting process is known by the subsidence of all 
ebullition, and by the clear surface of the melted motal, 
which is of a dazzling brillianoy like tho sim when looked 
at with the naked eye on a clear day. The pots are then 
lifted out of their place, and tho liquid steel is poured into 
ingots of tho shape and size required. The pots aro re¬ 
placed, filled again, and tho process is repeated; tho rod- 
liot pots thus serving for three successive charges, after 
which they aro rejected as useless. 

When Huntsman had perfected his invention, it would 
naturally occur to him that tho now metal might bo em¬ 
ployed for other purposes besides clock-springs and pen¬ 
dulums. The business of clock-making was then of a very 
limited character, and it could scarcely have been worth 
his while to pursue so extensive and costly a scries of 
experiments merely to supply the requirements of that 
trade. It is more probable that at an early stage of his 
investigations ho shrewdly foresaw the extensive uses to 
which cast-steol might be applied in tho manufacture of 
tools and cutlery of a superior kind; and we accordingly 
find him early endeavouring to persuade tho manufacturers 
of Sheffield to employ it in the manufacture of knives and 
razors. But the cutlers obstinately refused to work a 
material so much harder than that which they luid been 
accustomed to use; and for a time he gave up all hopes of 
creating a demand in that quarter. Foiled in his endeavours 
to sell his steel at home, Huntsman turned his attention to 
foroign markets; and ho soon found he could readily sell 
abroad all that ho could make. The merit of employing 
cast-steel for general purposes belongs to the French, 
always so quick to appreciate the advantages of any now 
ilisoovery, and for a time the whole of the cast-steel that 
Huntsman could manufacture was exported to Fiance. 

When he had fairly established his business with that 
oountry, the Sheffield cutlers beoame alarmed at the re- 
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putation which cast-steel was acquiring abroad; aad when 
they heard of the preference displayed by English as well 
as French consumers for the cutlery manufactured of that 
metal, they readily approhended the serious consequences 
that must necessarily result to their own trade if cast- 
steel came into general use. They then appointed a de¬ 
putation to wait upon Sir George Savilc, one of the mem¬ 
bers for tho county of York, and requested him to uso 
his influence with the government to obtain an order to 
prohibit tbe exportation of oast-steel. But on learning 
from tbe deputation that the ShefSeld manufacturers them¬ 
selves would not moke uso of the new steel, ho positively 
declined to oomply with their request. It was indeed 
fortunate for the interests of the town that the object of tho 
deputation was defeated, for at that time Mr. Huntsman 
had very pressing and favourable offers from some spirited 
manufacturers in Birmingham to remove his furnaces to 
that place; and it is extremely probable that had tbe 
business of cast-steel making become established there, one 
of tho most important and lucrative branches of its trade 
would have been lost to tbe town of Sheffield. 

The Sheffield makers’were therefore under tbe necessity 
of using the cast-steel, if they would retain their trade in 
outiery against France; and Huntsman’s home trade rapidly 
increased. And then began tbe efforts of the Sheffield 
men to wrest his secret from him. For Huntsman had not 
taken out any patent for his invention, his only protection 
being in preserving his process as much a mystery as 
possible. All the workmen employed by him were pledged 
to inviolablo secrecy; strangers were carefully excluded 
from the works; and the whole of the steel made was 
melted during tho night. There were many speculations 
abroad as to Huntsman’s process. It was generally believed 
that his secret consisted in the flux which he employed 
to make the metal melt more readily; and it leaked out 
amongst the workmen that he used broken bottles for tho 
purpose. Some of the manufacturers, who by prying and 
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bribing got an inkling of tlio process, followed Huntsman 
implicitly in this respect; and they would not allow their 
own •workmen to flax the pots lest they also should obtain 
possession of the secrot. But it turned out eventually that 
no such flux was nocessary, and the practice has long sinco 
been discontinued. A Frenchman named Jars, frequently 
quoted by Le Play in his account of the manufacture of 
stool in Yorkshire,* paid a visit to Sheffield towards the 
end of last century, and described the process so far as he 
was permitted to examine it. According to his statement 
all kinds of fragments of broken steel were used; but this 
is corrected by Le Play, who states that only the best bar 
steel manufactured of Dannemora iron was employed. 
Jars adds that “ tho steel is put into the orucible with a 
flux, the composition of which is kept seoret;” and he 
states that the time then oooupied in the conversion was 
five hours. 

It is said that the person who first succeeded in copying 
Huntsman’s process was an ironfounder named Walker, 
who carried on his business at Greensido near Sheffield, 
and it was certainly there that the making of cast-steel 
was next begun. Walker adopted the “ ruse ” of disguising 
himself as a tramp, and, feigning great distress and ahject 
poverty, he appeared shivering at the door of Huntsman’s 
foundry late one night when the workmen were about to 
begin their labours at steel-casting, and asked for admission 
to warm himself by the furnace fire. The workmen's 
hearts were moved, and they permitted him to enter. We 
have the above facts from the descendants of tho Huntsman 
family; but we add the traditional story prosorvod in the 
neighbourhood, as given in a well-known hook on metal¬ 
lurgy 

“ One cold winter’s night, while the snow was falling 
in heavy flakes, and the manufactory threw its red glare of 
light over the neighbourhood, a person of the most abject 


♦ ton alts ebs Mines, yols, Jli, amt lx., 4th Series. 



thus. VI. 


“ fetlSE" OP VrALOlt. 


109 


appearance presented himself at the entrance, praying for 
permission to share the warmth and shelter which it 
afforded. The humane workmen found the appeal irre¬ 
sistible, and the apparent beggar was permitted to take up 
his quarters in a warm comer of the building. A careful 
scrutiny would have discovered little real sleep in the 
drowsiness which seemed to overtake the stranger; for he 
eagerly watched every movement of the workmen while 
they went through the operations of the newly discovered 
process. He observed, first of all, that bars of blistered 
steel were broken into small pieces, two or three inohes in 
length, and placed in crucibles of fire clay. When nearly 
full, a little green glass broken into small fragments was 
spread over the top, and the whole covered over with a 
closely-fitting cover. The crucibles were then placed in a 
furnace previously prepared for them, and after a lapse of 
from three to four hours, during which the crucibles were 
examined from time to time to see that the metal was 
thoroughly melted and incorporated, the workmen pro¬ 
ceeded to lift the crucible from its place on the furnace by 
means of tongs, and its molten contents, blazing, sparkling, 
and spurting, were poured into a mould of cast-iron pre¬ 
viously prepared: here it was suffered to cool, while the 
crucibles were again filled, and the process repeated. 
When cool, the mould was unscrewed, and a bar of cast- 
steel presented itself, which only required the aid of the 
hammerman to form a finished bar of cast-steel. How the 
unauthorized spectator of these operations effected his 
escape without detection tradition does not say; but it 
tells us that, before many months had passed, the Hunts¬ 
man manufactory was not the only one whore cast-steel 
was produced.” * 

However the facts may be, the discovery of the elder 
Huntsman proved of the greatest advantage to Sheffield; 

♦ The Useful Metals and their steel making will be fcund fully d* 
Alleys (p. 348), an excellent little scribed, 
work, in which (he process a( cast- 
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for thoro is scarcely a civilized country where Sheffield 
steel is not largely used, either in its most highly finished 
forms of cutlery, or as the raw material for sonic home 
manufacture. In the mean time the demand for Hunts¬ 
man’s steel stoadily increased, and in 1770, for the purpose 
of obtaining greater scope for his operations, he removed 
to a large new manufactory which ho erected at Atterclifi'e, 
a littlo to the north of Sheffield, more conveniently situated 
for business purposes. There he continued to flourish for 
six years more, making steel and practising benovolenco; 
fur, like the Darbys and Reynoldses of Coalbrookdale, he 
was a worthy and highly respected member of the Society 
of Friends. He was well versed in tho science of his day, 
and skilled in chemistry, which doubtless proved of groat 
advantage to him in pursuing his experiments in metal¬ 
lurgy.* That he was possessed of great perseverance will 
be obvious from tho difficulties he encountered and over¬ 
came in perfecting his valuable invention. He was, how¬ 
ever, like many persons of strong original character, 
eccentric in his habits and reserved in his manner. The 
Royal Sooiety wished to enrol him as a momber in ac¬ 
knowledgment of the high merit of his discovery of cast- 
steel, as well as hocauso of his skill in practical chemistry; 
but as this would have drawn him in some measure from 
his seclusion, and was also, ns ho imagined, opposed to tho 
principles of the Society to which ho belonged, ho declined 
the honour. Mr. Huutsmau died in 1776, in his seventy- 
second year, and was buried in the churchyard at Atter- 
cliffe, where a gravestone with an inscription marks Iris 
resting-place. 

His son continued to cany on the business, and largely 
oxtended its operations. Tho Huntsman mark became 
known throughout the civilised world. Lo Hay, the 
French Professor of Metallurgy, in his Memoirs of 1846, 

* We are informed that a mirror is J Huntsman in the days of his early 
Still preserved at Attevcliffe. made by | experiments. 
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still speaks of tlio cast-steel bearing tho maik of “ IIunis- 
man and Marshall ” as the best that is made, anil ho adds, 
“ the buyer of this article, who pays a higher price for it 
than for other sorts, is not acting merely in the blind spirit 
of routine, hut pays a logical and well-deserved homage 
to all tlio material and moral qualities of which the 
lino Huntsman mark has boon the guarantee for a cen¬ 
tury.” * 

Many other large firms now compete for their Bhare of 
tho trade; and the extent to which it has grown, the num¬ 
ber of furnaces constantly at work, and the quantity of 
steel cast into ingots, to be tilted or rolled for the various 
purposes to which it is applied, have rendered Sheffield the 
greatest laboratory in tho world of this valuable material. 
Of the total quantity of oast-steel manufactured in Eng¬ 
land, not less than five-sixths are produced there; and ihe 
facilities for experiment and adaptation on the spot have 
enabled the Sheffield steel-makers to keep the lead in tho 
manufacture, and surpass all others in ihe perfection to 
which they have carried this important branch of our 
national industry. It is indeed a remarkable fact that this 
very town, which was formerly indebted to Styria for the 
steel used in its manufactures, now exports a material of 
its own conversion to the Austrian forges and other places 
on the Continent from which it was before accustomed to 
draw its own supplies. 

Among the improved processes invented of late years 
for tho manufacture of steel aro those of Heath, Mnsbet, 
and Bessemer. The last promises to effect before long an 
entire revolution in the iron and steel trade. By it the 
crude metal is converted by one simple process, directly 
as it oomes from the blaBt-furnace. This is effected by 
driving through it, while still in a molten state, several 
streams of atmospheric air, on which the carbon of Ihe 
crude iron unites with the oxygen of the atmosphere, tho 


* Amales ties Hauls, vol. ix., 4th St iles, 206. 
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temperature is greatly raised, and a violent ebullition 
takes place, during which, if the process bo continued, that 
part of tlio carbon which appears to be mechanically mixed 
and diffused through the crude iron is entirely consumed. 
The metal becomes thoroughly cleansed, the Blag is ejected 
and removed, while the sulphur and other volatile matters 
are drivon off; the rosult being an ingot of malleable iron 
of the quality of charcoal iron. An important feature in 
tho process is, that by stopping it at a particular stage, 
immediately following the boil, bofore the whole of tho 
carbon has been abstracted by tho oxygen, the crudo iron 
will be found to have passed into tlio condition of cast- 
steel of ordinary quality. By continuing the process, the 
metal losing its carbon, it passes from bard to soft slcel, 
tlience to steely iron, and last of all to very soft iron; so 
that by interrupting the process at any stage, or continuing 
it to the end, almost any quality of iron and steel may be 
obtained. One of tho most valuable forms of the metal is 
described by Mr. Bessemer as “semi-steel,” being in hard¬ 
ness about midway between ordinary cast-stcel and soft 
malleable iron. The Bessemer processes are now in full 
operation in England as well as abroad, both for converting 
crude into malleable iron, and for producing steel; and the 
results are expected to prove of the greatest, practical utility 
in all oases where iron and steel are extensively employed. 

Yet, like every other invention, this of Mr. Bessemer 
had long boon dreamt of, if not really made. We are in¬ 
formed in Warner's Tour through tho Northern CoimticB of 
England, published at Bath in 1801, that a Mr. Heed of 
Whitehaven had succeeded at that early period in making 
steel direct from tho ore; and Mr. Mu shot clearly alludes 
to the process in his “ Papers on Iron and Steel.” Never¬ 
theless, Mr. Bessemer is entitled to the merit of working 
out the idea, and bringing the process to perfection, by 
his great skill and indomitable perseverance. 

In the Heath process, carburet of manganese is employed 
to aid tho conversion of iron into steel, while it also con 
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tors on the metal the property of welding and working 
more soundly under the hammer—a fact discovered by 
Mr. Heath while residing in India. Mr. Mushet’s process 
is of a similar character. Another inventor, Major Uchatius, 
an Austrian engineer, granulates crude iron while in a 
molten state by pouring it into water, and then subjecting 
it to the process of conversion. Some of the manufacturers 
still affect secreoy in their operations; but as ono of the 
Sanderson firm—famous for the excellence of their steel— 
remarked to a visitor when showing him over their works, 
“the great secret is to have the corn-age to be honest—a 
spirit to purchase the best material, and the means and 
disposition to do justice to it in the manufacture.” 

It remains to be added, that much of the success of tho 
Sheffield manufactures is attributable to the practical skill 
of the workmen, who have profited by the accumulated 
experience treasurod up by their class through many gene¬ 
rations. The results of the innumerable experiments con 
ducted before their eyes have issued in a most valuable 
though unwritten code of practice, the details of which 
are known only to themselves. They are also a most 
laborious class; and Le Play says of them, when alluding 
to the fact of a single workman superintending the opera¬ 
tions of three steel-casting furnaces—“I have found no¬ 
where in Europe, except in England, workmen able for an 
entire day, without any interval of rest, to undergo such 
toilsome aud exhausting labour as that performed by these 
Sheffield workmen.” 
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CHAPTER VII. 

The Inventions on Henby Cost. 


u I have always found it in mine own experience an easier matter to 
devise manie and profitable Inventions, than to dispose of one of them to 
the good of the author himself ,"—Sir Hugh Platt, 1589. 


Henry Oort was born in 1740 at Lancaster, whore liia 
father carried on the trade of a builder and brickmaker, 
Nothing is known as to Henry’s early history; but ho 
seems to have raised himself by his own ofl'orts to a inspect- 
able position. In 1705 wc find him established in Surrey 
Street, Strand, carrying on the business of a navy agent, in 
which he is said to have realized oonsiderahle profits. 
It was while conducting this business that he became 
aware of the inferiority of British iron oompared with that 
obtained from foreign countries. Tbe English wrought 
iron was considered so bad that it was prohibited from all 
government supplies, while the oast iron was considered of 
too brittle a nature to be suited for general use. * Indeed 
the Russian government boeanie so persuaded that the 
English nation could not cany on their manufactures 
without Kussian iron, that in 1770 they ordered the price 
to ho raised from 70 and 80 copecs per pood to 200 and 
220 copees per pood4 

Such being the case, Oort’s attention bocame directed to 
the subject in connection with the supply of iron to the 
Navy, and he entered on a series of experiments with the 
object of improving the manufacture of English iron. "What 
tbe particular experiments were, and by wliat steps he 
arrived at results of so much importance to the British iron 


* Lift of BrVMt, p. 80. t Scbtvenor, Uhtary of tht Item, Trade, 189, 
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trade, no ono can now loll. All that is known is, that about 
the year 1775 he relinquished his business as a navy 
agent, and took a lease of certain premises at Fontley, neat 
Fareham, at the north-wostorn corner of Portsmouth Har¬ 
bour, where he ereoted a forge and an iron mill. He was 
afterwards joined in partnership by Samuel Jellicoe (son 
of Adam Jellicoe, then Deputy-Paymaster of Seamen’s 
Wages), which tnmed out, as will shortly appear, a most 
unfortunate connection for Cort. 

As in the case of other inventions, Cort took up the 
manufacture of iron at the point to which his predecessors 
had brought it, carrying it still further, and improving 
upon their processes. Wo may here briefly recite the 
steps by which the manufacture of bar-iron by means of 
pit-coal bad up to this time been advanced. In 1747, 
Mr. Ford succeeded at Coalbrookdalo in smelting iron oro 
with pit-ooal, after which it was refined in tho usual way 
by means of coke aud charcoal. In 1762, Dr. Ptoebuck 
(hereafter to bo referred to) took out a patent for melting 
the cast or pig iron in a hearth heated with pit-coal by 
tho blast of bellows, and then working the iron until it 
was reduced to nature, or metallized, as it was termed; 
after which it was exposed to tho action of a hollow pit- 
coal fire urged by a blast, until it was reduced to a loop 
and' drawn ont into bar-iron under a common forge- 
hammer. Then the brothers Cranege, in 1760, adopted 
the reverberatory or air furnace, in which they placed 
the pig or cast iron, and without blast or the addition of 
anything more than common raw pit-coal, converted tho 
same into good malleable iron, which being taken red hot 
from the reverberatory furnace to the forge hammer, was 
drawn into bars according to the will of the workman. 
Peter Onions of Merthyr Tydvil, in 1783, carried tho 
manufacture a stage further, as described by him in his 
patent of that year. Having charged his furnace (“ bound 
with iron work and well annealed ”) with pig or fused cast 
iron from the smelting furnace, it was olosed np and tho 

X 2 
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doors were luted with sand. The firo was urged by a 
blast admitted underneath, apparently for the puipose of 
keeping up the combustion of the fuel on the grate. Thus 
Onions’ furnace was of the nature of a puddling furnace, the 
fire of which was urged by a blast. The fire was to be kept 
up until the metal became less fluid, and “thickened into 
a kind of froth, which the workman, by opening the door, 
must turn and stir with a bar or other iron instrument, 
and then close the aperture again, applying the blast and 
firo until there was a feiment in the metal.” The patent 
further describes that “ as the workman stirs tho metal,” 
the scoria; will separate, “and the par-tides of iron will ad¬ 
here, which particles the workman must collect or gathor 
into a mass or lump.” This mass or lump was then to be 
raised to a white heat, and forged into malleable iron at 
the forge-hammer. 

Such was the Btage of advance reached in the manufac¬ 
ture of bar-iron, when Henry Cort published his patents 
in 1783 and 1784. Jn dispensing with a blast, he had 
been anticipated by the Craneges, and in the process of 
puddling by Onions; but he introduced so many im¬ 
provements of an original character, with which he com¬ 
bined tho inventions of his predecessors, as to establish 
quite a new era in tho history of the iron manufacture, and, 
in the course of a few years, to raise it to the highest state 
of prosperity. As early as 1786, lord Sheffield recognised 
the great national importance of Cort’s improvements in 
the following words:—“ If Mr. Cort’s very ingenious and 
meritorious improvements in the art of making and work¬ 
ing iron, the steam-engine of Boulton and Watt, and Lord 
Dundonald’a discovery of making coke at half the present 
price, should all succeed, it is not asserting too muoh to 
say that tho result will be more advantageous to Great 
Britain than the possession of the thirteen colonies (of 
America); for it will give the complete command of the 
iron trade to this country, with its vast advantages to na¬ 
vigation.” It is scarcely necessary here to point out how 
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completely tlie anticipations of Lord Sheffield have been 
fulfilled, sanguine though they might appear to he when 
uttered some seventy-six years ago.* 

We will endeavour as briefly as possible to point out the 
important character of Mr. (Jort’e improvements, as em¬ 
bodied in his two patonts of 1783 anil 1784. In the first 
he states that, after “ groat study, labour, and expense, in 
trying a variety of experiments, and making many dis¬ 
coveries, be had invented and brought to perfection a 
peculiar method and process of preparing, welding, and 
working various sorts of iron, and of reducing the same 
into uses by machinery: a furnace, and other apparatus, 
adapted and applied to the said process.” lie first de¬ 
scribes liis method of making iron for “ largo uses,” such 
as shanks, arms, rings, and palms of anchors, by the method 
of piling and faggoting, since become generally practised,— 
by laying bars of iron of suitable lengths, forged on purpose, 
and tapering so as to be thinner at one end than the other, 
laid over one another in the manner of bricks in buildings, 
so that the ends shonld everywhere overlay each other. 
The faggots so prepared, to the amount of half a ton more 
or less, were then to he put into a common air or hailing 
furnace, and brought to a welding heat, which was ac¬ 
complished by his method in a much shorter lime than 
in any hollow fire; and when the heat was perfect, the 
faggots were then brought under a forge-hammer of great 

* Although the Iron mannlhctiuc W. Wilkinson, dated Duo. 2.", 1791, 
had gradually been increasing since the contained in the memorandum-hook ot 
middle of the century, it was as yet Wm. Reynolds of Coalbrookdale, that 
comparatively insignificant in amount, the produce in England and Scotland 
Thus we find, from a Btatomont by was then estimated to be— 

Coke Furnaces, Charcoal Furnaces. 

In Englnnd . 73 producing 07,548 tons 20 producing 8500 tons. 

In Scotland. 32 „ 12,480 „ 2 „ 1000 „ 

85 „ 80,028 „ 22 „ 9500 „ 

At the same time the annual im- of bars and slabs fiont Russia about 
.ort of Ovegvounds iron from Sweden 50,000 tons, at an average cost of 357. 
(mounted to about 20,000 tons, an 1 a ion! 
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size and weight, and welded into a solid mass. Mr. Cort 
alleges in the specification that iron for “larger rises” thus 
finished, is in all respects possessed of the highest degree 
of perfection; and that the firo in the hailing furnace is 
hotter suited, from its regularity and penetrating quality, 
to give the iron a perfect welding heat throughout its 
whole mass, without, fusing in any part, than any firo 
blown by a blast. Another process employed by Mr. Cort 
for tho purpose of cleansing the iron and producing a metal 
of purer grain, was that of working tho faggots by passing 
them through rollers. “ By this simple process,” said lie, 
“all the earthy partioles are pressed out and tho iron 
becomes at once free from dross, and what ib usually 
called cinder, and is compressed into a fibrous and tough 
state.” The objection has indeed been taken to the process 
of passing the iron through, rollers, that the cinder is not 
so effectually got rid of as by passing it under a tilt ham¬ 
mer, and that much of it is squeezed into the bar and 
remains there, interrupting its fibre and impairing its 
strength. 

It does not appear that there was any novelty in tho use 
of rollers by Cort-; for in his first specification ho speaks of 
them as already well known.* His great merit consisted 
in apprehending the value of certain processes, as tested by 
his own and others’ experience, and combining and applying 
thorn in a more effective! practical form than had ever been 
done before. This power of apprehending the best methods, 
and embodying the details in one complete whole, marks 
the practical, clear-sighted man, and in certain cases 
amounts almost to a genius. Tho merit of combining the 


* “ Tt is material to observe,” says 
Mr. Webster, “ that Cort, in this 
specification, speaks of the rollers, fur¬ 
naces, and separate processes, as well 
known. There is no claim to any of 
them separately; the claim is to the 
reducing of the faggots of piled iron 


Into bars, and the welding of such 
tars by volleys instead of by forge- 
hammers.”—Memoir of Henry Cort, 
in Meohanic's Magazine, 15 July, 
1859, by Thomas Webster, M.A., 
F.R.8. 
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inventions of others in suoh fonns as that they shall work 
to advantage, is as great in its way as that of the man 
who strikes out the inventions themselves, but who, for 
want of taot and experience, cannot carry them into prac¬ 
tical offcct. 

It was the same with Oort’s second patent, in which ho 
described his method of manufacturing bar-iron from the 
ore or from cast-iron. All the several processes therein 
described had been practised before his time; his merit 
chiefly consisting in the skilful manner in which he com¬ 
bined and applied them. Thus, like the Craneges, he em¬ 
ployed the reverberatory or air furnace, without blast, and, 
like Onions, he worked the fused metal with iron bare 
uutil it was brought into lumps, when it was removed and 
forged into malleable iron. Cort, however, carried the 
process further, and made it more effectual in all respects. 
His method may be thus briefly described: the bottom of 
the reverberatory furnace was hollow, so as to contain the 
fluid metal, introduced into it by ladles; the heat being 
kept up by pit-coal or other fuel. When the furnace was 
charged, the doors were closed until the metal was suffi¬ 
ciently fused, when the workman opened an aperture and 
worked or stirred about the metal with iron bars, when an 
ebullition took place, during the continuance of which a 
bluish flame was emitted, the carbon of the cast-iron was 
burned off, the metal separated from the slag, and the iron, 
becoming reduced to nature, was then collected into 
lumps or loops of sizes suited to their intended uses, when 
they were drawn out of the doors of the furnace. They 
were then stamped into plates, and piled or worked in an 
air furnace, heated to a white or welding heat, shingled 
under a forge hammer, and passed through the grooved 
roller’s after the method described in the first patent. 

The processes described by Cort in his two patents have 
been followed by iron manufacturers, with various modifi¬ 
cations, the results of enlarged experience, down to the pre¬ 
sent time. After the lapse of seventy-eight years, the lan- 
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guage employed by Oort continues on tlio whole a faithful 
description of tlio processes still practised: the same 
methods of manufacturing bar from cast-iron, and of pud¬ 
dling, piling, welding, and working the bar-iron through 
grooved rollers—all are nearly identical with the methods 
of manufacture perfected by Henry Cort in 1784. It may 
bo mentioned that the development of the powers of tho 
steam-engine by Watt had an extraordinary effect upon the 
production of iron. It created a.largely increased demand 
for the article for the purposes of tho shafting and machinery 
which it was employed to drive; while at the same time it 
cleared pits of water which beforo were unworkable, and 
by beiug extensively applied to the blowing of iron-furnaces 
and the working of the rolling-mills, it thus gave a still 
further impetus to the manufacture of the metal. It would 
be beside our purpose to enter into any statistical detail on 
the subject; but it will be sufficient to state that the pro¬ 
duction of iron, which in tho early part of last century 
amounted to little more than 12,000 tons, about the middle 
of the century to about 18,000 tons, and at the time of 
Cort’s inventions to about 90,000 tons, was found, in 1820, 
to harm increased to 400,000 tons; and now the total quan¬ 
tity produced is upwards of four millions of tons of pig- 
iron every year, or more than tho entire production of all 
other European countries. There is little reason to doubt 
that this extraordinary development of the iron manufacture 
has been in a great measure due to the inventions of Henry 
Coif. It is said that at the present time there are not 
fewer than 8200 of Coxt’s fumaceB in operation in Great 
Britain alone.* 

Praotical men have regarded Cort’s improvement of the 
process of rolling the iron as the most valuable of his in¬ 
ventions A competent authority has spoken of Cort’s 
grooved rollers as of “ high philosophical interest, being 
soaredj less than the discovery of a new mechanical 


* Letter by Sfr. Truran Li Mechanics Magazine, 
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power, in reversing the action of the wedge, by the appli¬ 
cation of force to four surfaces, so as to elongate a mass, 
instead of applying force to a mass to divide the four sur¬ 
faces.” One of the best authorities in the iron trade of 
last century, Mi*. Alexander Baby of Llanelly, like many 
others, was at first entirely sceptical as to the value of 
Oort’s invention; but be had no sooner witnessed the pro¬ 
cess than with manly candour he avowed his entire con¬ 
version to his views. 

We now return to the history of the chief author of this 
great branch of national industry. As might naturally be 
expected, the principal ironmasters, when they heard of 
Oort’s success, and the rapidity and economy with which 
he manufactured and forged bar-iron, visited his foundry 
fur the purpose of examining his process, and, if found expe¬ 
dient, of employing it at their own works. Among the 
first to try it were Richard Crawshay of Cyfartha, Samuel 
Homfray of Fenydarran (both in South Wales), and William 
Reynolds of Coalbiookdale. Richard Crawshay was then 
(in 1787) forging only ten tons of bar-iron weekly under 
the hammer; and when he saw the superior processes in¬ 
vented hy Cort lie readily entered into a contract with him 
to work under his patents at ten shillings a ton royalty. 
In 1812 a letter from Mr. Crawshay to the Secretary of 
Lord Sheffield wus read to the House of Commons, descrip¬ 
tive of his method of working iron, in which he said, " I 
toot it from a Mr. Cort, who had a little mill at Fontlcy in 
Hampshire: I have thus acquainted you with my method, 
by which I am now making moro than ten thousand tons of 
bar-iron per annum.” Samuel Homfray was equally prompt 
in adopting the new process. He not only obtained from 
Cort plans of the puddling-furnaces and patterns of the 
rolls, but borrowed Coifs workmen to instruct his own in 
the necessary operations; and he soon found the method so 
superior to that invented by Onions that he entirely con¬ 
fined himself to manufacturing after Cort’s patent. Wo 
also find Mr. Reynolds inviting Cort to conduct a trial of 
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his process at Ii-ctlcy, though it does not appoar that it ■was 
adopted by the firm at that time.* 

The quality of tho iron manufactured by tho new process 
was found satisfactory; and tho Admiralty having, by the 
persons appointed by them to test it in. 1787, pronounced it 
to be superior to the best Oregrounds iron, the use of the 
latter was thenceforward discontinued, and Oort’s iron only 
was directed to he used for the anchors and other ironwork 
in the ships of the Eoyal Navy. The merits of the invention 
seem to have been generally conoeded, and numerous con¬ 
tracts for licences were entered into with Cort and bis 
partner by the manufacturers of bar-iron throughout tlio 
country.-)- Cort himself made arrangements for carrying 
on the manufacture on a large scale, and with that object 
entered upon the possession of a wharf at Gosport, belong¬ 
ing to Adam Jelliqoe, his partner’s father, where he suc¬ 
ceeded in obtaining considerable Government orders for 
iron made aftor his patents. To all ordinary eyes the in¬ 
ventor now appeared to be on the high road to fortune; but 
there was a fatal canker at tho root of Ibis seeming pros¬ 
perity, and in a few years the fabric which he had so 
laboriously raised crumbled into ruins. 

On the death of Adam Jellicoe, the father of Oort’s part- 


* In the memorandum-book of Wid. 
Reynolds appears the following entry- 
on the subject:— 

*' Copy of a paper given to if. Cort, 
Esq. 

“ W, Reynolds saw H, C. in a trial 
wliichhe made at Ketley, Deo.17,1784, 
produce from the same pig both cold 
ohmt and tough iron by a variation of 
the process used in reducing them from 
the state of cast-iron to that of malle¬ 
able or bar-iron; and in point of yiold 
his processes were quite equal to those 
at Pitebford, which did not exceed the 
proportion of 31 cwt, to the ton of 
bars. The experiment was made by 
■tamping and potting the blooms or 


loops made hi his furnace, which then 
produced a cold shoi-t Iron; but when 
they were immediately shingled and 
drawn, the iron was of a block tough.” 

The Coalbrookdale ironmasters are 
said to havo been deterred from adopting 
the process because of what was con¬ 
sidered an excessive waste of the metal 
—about 25 per cent.—though, with 
greater experience, this waste waa very 
much diminished. 

f Mr. Webster, in the ‘ Case of Henry 
Cort,’ published in tho Mechanics 
Magazine (2 Dec, 1859), states foat 
"licences were taken at royalties esti¬ 
mated to yield 27,5001. to the owners 
of the paten ta," 
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Her, in August, 1789,* defalcations were discovered in his 
public accounts to the extent of 39,676/., and his boohs and 
papers were immediately taken possession of by the Govern¬ 
ment. On examination it was found that tko debts due to 
Jellicoe amounted to 89,657?., included in which was a 
sum of not less than 54,853?. owing to him by the Oort part¬ 
nership. In tbe public investigation which afterwards took 
place, it appeared that the capital possessed by Cort being 
insufficient to enable him to pursue his experiments, 
which were of a very expensive character, Adam Jellicco 
had advanced money from time to time for the purpose, 
securing himself by a deed of agreement entitling him to 
one-half the stock and profits of all his contracts; and in 
further consideration of the capital advanced by Jcllicoo 
beyond bis equal share, Cort subsequently assigned to him 
all his patent rights ns collateral security. As Jollicoo 
had the roputation of being a rich man, Cort had not the 
slightest suspicion of the source from which he obtained 
the advances made by him to the firm, nor has any con¬ 
nivance whatever on the part of Cort been suggested. At 
tbe same time it must be admitted that the connexion was not 
freo from suspicion, and, to Bay the least, it was a singularly 
unfortunate one. It was found that among the moneys 
advanced by Jelliooe to Cort there was a sum of 27,500?. 
entrusted to him for the payment of seamen’s and officers’ 
wages. ITow his embarrassments had tempted him to make 
use of the public funds for the purpose of carrying on his 
speculations, appears from his own admissions. In a memo¬ 
randum dated the 11th November, 1782, found in his strong 
box after 3ns death, he set forth that he had always had 
much more than his proper balance in band, until his en~ 


* In the * Com of Hemy Cort,’ by 
Sir. Webster, above referred to (Me¬ 
chanic's Magazine, 2 Deo. 1859), It is 
stated that Adam Jellicoo “ committed 
suicide under tho pressure of dread of 
wrposure,” but this does not appear to 


bo confirmed by the accounts 5n fh* 
newspapers of tbe day. He died at bis 
private dwelling-house, No, 14, Iilgh- 
hmy Piece, Islington, on the 3Uth 
August, 1789, niter' a fortnight > ill¬ 
ness. 
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gagement, about two years before, with Mr. (Jort, “ which 
by degrees lias so reduced me, and emploj’od so much more 
of my money than 1 expeoted, that I have been obliged to 
turn most of my Navy bills into cash, and at the same time, 
to my great concern, am very deficient in my balance. This 
gives mo great uneasiness, nor shall I live or die in peace 
till the whole is restored.” He had, however, made the 
first false step, after which the downhill career of dis¬ 
honesty is rapid. His dosperate attempts to set himself 
right only involved him the deeper; his conscious breach 
of trust caused him a degree ol' daily torment which he 
could not bear; and the discovery of his defalcations, which 
was made only a few days before his death, doubtless 
hastened his end. 

The Government acted with promptitude, os they were 
bound to do in such a case. The body of Jellicoo was 
worth nothing to them, but they oould secure the property 
in which ho had fraudulently invested the public moneys 
intrusted to him. With this object the then Paymaster of 
the Navy proceeded to make an affidavit in the Exchequer 
that Henry Cort was indebted to His Majesty in tho sum 
of 27,500 1. and upwards, in respect of moneys belonging to 
the pnhlio treasury, which “ Adam Jellicoe had at different 
times lent and advanced to the said Henry Cort, from whom 
the same now remains justly due and owing; and tho de¬ 
ponent saith he verily believes that the said Henxy Cort is 
muoh decayed in his credit and in very embarrassed oir- 
oumstances; and therefore the deponent verily believes 
that tho aforesaid debt so due and owing to His Majesty is 
in great danger of being lost if some more speedy means 
be not taken for the recovery than by the ordinary process 
of the Court." Extraordinary measures were therefore 
adopted. The assignments of Oort’s patents, which had been 
made to Jellicoe in consideration of his advances, were 
laken possession of; but Samuel Jellicoe, the son of tho 
defaulter, singular to say, was put in possession of the pro¬ 
perties at Eontley and Gosport, and continued to enjoy 
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them, in Covt's exclusion, for a period of fourteen years. 
It does not however appear that any patent right was ever 
levied by the assignees, and the result of the proceeding was 
that the whole benefit of Gort's inventions was thus made 
over to the ironmasters and to the publio. Had the estate 
been properly handled, and the patent rights due under tho 
contracts made by the ironmasters with Cort been duly- 
levied, there is little reason to doubt that the whole of the 
debt owing to the Government would have been paid in 
tho course of a few years. “ When we consider,” says Mr. 
AVehster, “ how very simple was tho process of demanding 
of the contracting ironmasters the patent dues (whioli for 
tho year 1789 amounted to 15,000?., in 1790 to 15,000?., and 
in 1791 to 25,000?.), and which demand might have been 
enforced by the same legal process used to ruin the in- 
ventor, it is not difficult to surmise the motive for abstain¬ 
ing.” The case, however, was not so simple as Mr. AA'ebsfer 
puts it; for there was such a contingency as that of tho 
ironmasters combining to dispute the patent right, and 
there is every reason to believe that they were prepared to 
adopt that course.* 


* This is continued by the report of 
a House of Commons Committee on 
tho subject (Mr. Davies Gilbeit chair¬ 
man), in which they say, » Tour com¬ 
mittee have not been able to satisfy 
themselves that cither of tho two in¬ 
ventions, one for subjecting cast-iion 
to an operation termed puddling dining 
its conversion to malleable iron, and 
the other for passing it through fluted 
nr grooved rollers, were so novel in 
their principle or their application as 
(airly to entitle the petitioners [Mr. 
Cost's survivors] to a parliamentary 
reward.” It is, however, stated by 
Mi-. Mushet that ths evidence was not 
fairly taken by the committee—that 
they were overborne by the audacity 
of Mr, Samuel Homfray, one of the 
great Welsh ironmastfrs, whose state¬ 


ments were altogether at variance with 
known facts—and thnt it was under 
his influence that Mr. Gilbert drew up 
the fallacious report of the committee. 
The illnstrions James Watt, writing to 
Dr. Black in 1784, as to the iron pro¬ 
duced by Cort's process, said, 11 Though 
I cannot perfectly agree with you os to 
its goodness, yet there is much in¬ 
genuity in the idea of foiming the bars 
in tliat manner, which is the only pait 
of his process which has any pretensions 
to novelty. , . . Mr. Coit has, as you 
observe, been mostilliberallytreated by 
the trade: they are ignorant brutes; 
hut lie exposed himself to it by show¬ 
ing them the process before it was per¬ 
fect, and seeing his ignorance of the 
common operations or making iron, 
laughed at and despised him; yet they 
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Although tlio Cort patents expired in 1796 and 1798 
respectively, they continued the subject of public discus¬ 
sion for some timo after, moro particularly in connection 
with the defalcations of the deceased Adam Jellicoe. It 
does not appear that moro than 26541. was realised by the 
Government from the Oort estate towards the loss sustained 
by the public, as a balanco of 24,8461. was still found stand¬ 
ing to the debit of Jellicoe in 1800, when the deficiencies 
in tho naval accounts became matter of publio inquiry. 
A few years later, in 1S05, the subject was again revived 
in a remarkable manner. In that year, the Whigs, per¬ 
ceiving the bodily decay of Mr. Pitt, and being too eager 
to wait for his removal by death, began their famous series 
of attacks upon his administration. Fearing to tackle tho 
popular statesman himself, they inverted the ordinary 
tactics of an opposition, and fell foul of Dundas, Lord 
Melville, thon Treasurer of tho Navy, who had success¬ 
fully carried the country through the great naval war 
with revolutionary France. They scrupled not to tax him 
with gross peculation, and exhibited articles of impeach¬ 
ment against him, which became the subject of elaborate 
investigation, tho result of which is matter of history. In 
those artioles, no reference whatever was made to Lord 
Melville’s supposed complicity with Jellicoo; nor, on tho 
trial that followed, was any reference made to tho defalca¬ 
tions of that official. But when Mr. Whitbread, on the 
8th of April, 1805, spoke to the “ ^Resolutions ” in the 
Commons for impeaching tho Treasurer of the Navy, he 
thought proper to intimate that ho “had a strong suspicion 
that Jellicoe was in tho same partnership with Mark Sprott, 
Alexander Trotter, and Lord Melville. Ho had been 
suffered to remain a publio debtor for a whole year after 


will conti iva by some dirty evasion to 
use hie process, or such parts as they 
like, without acknowledging him in 
it. I shall he glad to be able to be of 
tny use to him/' Watt’s fellow-feel¬ 


ing was naturally excited in favour of 
the plundered inventor, he himself 
having sll his life been exposed to the 
attacks of like piratical assailants. 
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he was known to he in arrears upwards of 24.000Z. During 
next year 11,0001. more had accrued. It would not have 
been fair to have turned too short on an old companion. 
It would perhaps, too, have been dangerous, since un¬ 
pleasant discoveries might have met the publio eye. It 
looked very much as if, mutually conscious of criminality, 
they had agreed to be silent, and keep their own seorets.” 

In making these offensive observations Whitbread was 
manifestly actuated by political enmity. They were 
utterly unwarrantable. In the first place, Molvillo had 
been formally acquitted of Jollicoe’s deficiency by a writ 
of Privy Seal, dated Slat May, 1800; and secondly, the 
committee appointed in that very year (1805) to reinvesti- 
gato the naval accounts, had again exonerated him, hut 
intimated that they were of opinion there waB remissness 
on his part in allowing Jollicoe to remain in his office after 
the disoovery of his defalcations. 

In the report made by the commissioners to the Houses 
of Parliament in 1805,* the value of Cort’s patents was 
estimated at only 100Z. Referring to the schedule of 
Jelliooe’s alleged assets, they say “ Many of the debts are 
marked as bad; and we apprehend that the debt from Mr. 
Henry Cort, hot so marked, of 54,0001. and upwards, is of 
that description.” As for poor bankrupt Henry Cort, these 
discussions availed nothing. On the death of Jellicoe, he 
left his iron works, feeling himself a ruined man. So 
made many appeals to the Government of the day for ro- 
storal of his patents, and offered to find security for pay 
inent of the debt due by his firm to the Crown, but in vain. 
In 1794, an appeal was made to Mr. Pitt by a number of 
influential members of Parliament, on behalf of the inventor 
and his destitute family of twelve children, when a pension 
of 2001. a-year was granted him. This Mr. Cort enjoyed 
until the year 1800, when he died, broken in health and 


* Tenth Report of the Commit- 1 Report of Select Committee on lit 
Stowers of Ratal In/pary. See also J Vm Raiat Report. May, 180-5. 
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spirit, in his sixtieth year. Ho was buried in Hampstead 
Churchyard, where a stone marking the date of his death 
is still to be seen. A few years since it was illegible, but 
it has recently been restored by his surviving son. 

Though Cort thus died in comparative poverty, he laid 
the foundations of many gigantic fortunes. He may be 
said to have been in a great measure the author of our 
modem iron aristocracy, who still manufacture after the 
processes which he invented or perfected, but for which 
they never paid him a shilling of royalty. These men of 
gigantic fortunes have owed much—we might almost say 
everything—to the ruined projector of “the little mill at 
Fontley.” Their wealth has enriched many families of the 
older aristocracy, and has been the foundation of several 
modem peerages. Yet Henry Cort, the. roclc from which 
they were hewn, is already all hut forgotten; and his sur¬ 
viving children, now aged and infirm, are dependent for 
their support upon the slender pittance wrung by repeated 
entreaty and expostulation from the state. 

The oareer of Bichard Crawshay, the first of the great 
ironmasters who had the sense to appreciate and adopt the 
methods of manufacturing iron invented by Henry Cort, is 
a not unfitting commentary on the sad history we havo 
thus briefly described. It shows how, as respects mere 
money-making, shrewdness is more potent than invention, 
and business faculty than manufacturing skill. Richard 
Crawshay was bom at Noraanton near Leeds, the son of 
a small Yorkshire fanner. When a youth, ho worked on 
his father’s farm, and looked forward to occupying the same 
condition in life; hut a difference with his father unsettled 
his mind, and at the age of fifteen he determined to leave 
his home, and seek his fortune elsewhere. Like most un¬ 
settled and enterprising lads, he first made for London, 
riding to town on a pony of his own, which, with the 
clothes on his hack, formed his entire fortune. It took 
him a fortnight to make the journey, in consequence of the 
badness of the roads. Arrived in London, he Sold his 
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pony for fifteen pounds, and tho money kept him until ho 
succeeded in finding employment. He was so fortunate as 
to lie taken upon trial by a Mr. Bicklewith, who kept an 
ironmonger’s shop in York Yard, Upper Thames Street; 
and his first duty there was to olean out tho office, put the 
stools and desks in order for the other clerks, run errands, 
and act as porter when occasion required. Young Oraw- 
sliay was very attentive, industrious, and shrewd; and be¬ 
came known in the office as “ The Yorkshire Boy.” Chiefly 
because of his “ cuteness,” his master appointed him to the 
department of selling flat irons. The London washer¬ 
women of that day wore very sharp and not very honest, and 
it used to be said of them that where they bought one flat 
iron they generally contrived to steal two. Mr. Bicklewith 
thought ho could not do better than set the Yorkshircman 
to watch the washerwomen, and, by way of inducement 
to him to be vigilant, he gave young Crawsbay an interest 
in that branch of the business, which was soon found to 
prosper under his charge. After a few more years, Mr. 
Bicklewith retired, and left to Crawshay the cast-iron 
business in York Yard. This he still further increased. 
There was not at that time much enterprise in the iron trade, 
but Crawshay endeavoured to connect himself with what 
there was of it. The price of iron was thon very high, and 
the best sorts were still imported from abroad; a good deal 
of the foreign iron and steel being still landed at the Steel¬ 
yard on the ThamoH, in the immediate neighbourhood of 
C'rawshay’s ironmongery storo. _ _ 

It seems to have occurred to some London capitalists 
that money waB then to he made in the iron trade, and 
that South Wales was a good field for an experiment. The 
soil there was known to be full of coal and ironstone, and 
several sm "^ iron works had for some time been carried 
on, whioh were supposed to be doing well. Merthyr 
Tydvil was one of the plaoes at which operations lad been 
begun, but the plaoe being situated in a hill district, of 
difficult aeoess, and the manufacture being still in a veiy 

x 
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imperfect state, the progress made was for some time very 
slow. Laud containing cnal and iron was doomed of very 
little value, as may "bo inferred from tlie fact that in tho 
year 17*55, Mr. Anthony Bacon, a man of much foresight, 
took a lease from Lord Talbot, for 90 years, of the minerals 
under forty square miles of country surrounding tho then 
insignificant hamlet of Merthyr Tydvil, at the trifling 
rental of 200 1. a-year. There lie erected iron works, and 
supplied tho Government with considerable quantities of 
cannon and iron for different purposes; and having earned 
a competency, he rotiied from business in 1782, sublotting 
his mineral tract in four divisions—the Dowlais, ilie Peny- 
darran, the Cyfartlia, and tho Plymouth Works, north, cast, 
west, and south, of Merthyr Tydvil. 

Mr, Richard Crawshay became the lesseo of what Mr. 
Mushet has called “ the Cyfartha flitch of the great Bacon 
domain.” There he proceeded to carry on the works 
established by Mr. Bacon with increased spirit; his son 
William, whom ho left in charge of tho ironmongery store 
in London, supplying him with capittd to put into the 
iron works as fast us he could cam it by the retail trade. 
In 1787, wo find Richard t'rawshay manufacturing with 
difficulty ten tons <>f bar-iron weekly, and it was of a very 
inferior character,*—tho means not having yet been devised 
at Cyfuitba for malleubleizing the pit-coal cast-iron with 
economy or good effect. Yet Ciaw-shay found a ready 
market fur all the iron ho could make, and ho is said to 
have counted the gains of the forge-hammer close by his 
house at the rate of a penny a stroke. In course of time 
he found it necessary tn erect new furnaces, and, haring 
adopted the processes invented by Henry Oort, lie was 


* Mr. Mushut says of the early i 
manufacture of iron at Merthyr Tydvil 1 
that “ A modification of tho charcoal 
refinery, a hollow fire, was worked 
with coke as a substitute fur chareo.il, 
hut the bar-iron hammeied from the 
produce was very inferior." The pit- 


I cual en.-t-ii on was nevertheless found of 
a superior quality for castings, being 
-inure fusible and more homogeneous 
than charcoal-iron. Hence it was well 
adapted for cannon, which was for some 
time the principal article of manu¬ 
facture at the Welsh works. 
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thereby enabled greatly to increaso the production of 
his forges, until in 1812 wo find him stating to a com* 
mitteo of the Honso of Commons that ho was waking 
ten thousand tons of bar-iron yearly, or an average produce 
of two hundred tons a week. But this quantity, great 
though it. was, has since been largely increased, the total 
produce of the Crawshay furnaces of G'yftu tha, Tnysfach, and 
Kiiwan, being upwards of 50,000 tons of bar-iron yearly. 

The distance of Merthyr from Cardiff, the nearest port 
being considerable, and the cost of carriage being very 
great by reason of the badness of the roads, Mr. Crawshay 
set himself to overcome this great impediment to the pro¬ 
sperity of the Merthyr Tydvil district; and, in conjunction 
with Mr. Homfray of the Penydarran Works, ho planned 
and constructed the canal* to Cardiff, tho opening of 
which, in 171*5, gave an immense impetus to tho iron trade 
of the neighbourhood. Numerous other extensive iron 
works became established there, until Merthyr Tydvil 
attained the reputation of being at once tho richest and 
tho dirtiest district in all Britain. Mr. Crawshay became 
known in tbo west of England as tbe “ Iron King,” and 
was quoted as tbe highest authority' in all questions re¬ 
lating to tbe trade. Mr. George Crawshay, recently de¬ 
scribing tbo founder of the family at a social meeting at 
Newcastle, said,—“ In these days a name like ours is lost 
in tlie infinity of great manufacturing firms which exist 
throughout the laud; but in tlioso early times tbo man 
who opened out tbe iron district of Wales stood upon an 
eminence scon by all tbo world. It is preserved in the 
traditions of tho family that when, the * Iron King ’ used 
to drive from home in his coaoli-and-four into Wales, all 
tbe country turned out to see him, and quite a commotion 


* It may l* worthy of note that 
the first locomotive ran upon a rail non J 
was that constructed by Tievithick 
for Mr. Ilomfiny in ISO;'., which was 
employed to bring down metal fir.ni 


tho furnaces to the Old Forge. The 
engine was token off the road because 
the tram-plates were found too weak 
to bear its weight williunt breaking, 



132 


1IENHY COST. 


Chap. VII. 


took place ■when lie passed through. Bristol on his way to 
the works. My great-grandfather was succeeded by his 
son, and by his grandson; tho Crawshays have followed 
one another for four generations in the iron trade in Wales, 
and there they still stand at the head of tho trade.” The occa¬ 
sion on which these words were uttered was at a Christmas 
party, given to tho men, about 1300 in number, employed 
at the iron works of Messrs. Hawks, Crawshay, and Co., at 
hiewcastle-upon-Tyne. These works were founded in 1754 
by William Hawks, a blacksmith, whoso prinoipal trade 
consisted in making claw-hammers for joiners. He became 
a thriving man, and eventually a largo manufacturer of 
bar-iron. Partners joined him, and in the course of the 
changes wrought by time, one of the Crawshays, in 1842, 
became a principal partner in the firm. 

Illustrations of a like kind might be multiplied to any 
extent, showing tho growth in our own time of an iron 
aristocracy of great wealth and influence, the result mainly 
of the successful working of the inventions of the un¬ 
fortunate and unrequited Henry Cort. He has been the 
very Tubal Cain of England—one of the principal founders 
of our iron age. To him we mainly owe the abundance of 
wrought-iron for machinery, for steam-engines, and for 
railways, at one-third the price we were before accustomed 
to pay to tho foreigner. We have by his inventions, not 
only ceased to bo dependent upon other nations, for our 
supply of iron for tools, implements, and aims, but we 
have become the greatest exporters of iron, producing 
more than all other European countries combined. In the 
opinion of Mr. Fairbaim of Manchester, tho inventions of 
Henry Cort have already added six hundred millions 
sterling to the wealth of tho kingdom, while they have 
given employment to some six hundred thousand working 
people during three generations. And while tho great 
ironmasters, by freely availing themselves of his inventions, 
have been adding estate to estate, the only estate secured 
by Henry Cort was tho little domain of six feet by two in 
which ho lies interred in Hampstead Churchyard. 
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CHAPTEE yin. 

Thb Scotch Ibon Manus actuee — Db. Eoebuok— 
David Mushet. 


" Were public benefactors to lc allowed to pass away, like hewers of 
wood and drawers of water, without commemoiation, genius and enter¬ 
prise would be deprived of their most coveted distinction.”— Sir JTeiirii 
Lng'.eficld. __ 


The account given of Dr. Eoebnclc in a Cyclopedia of Bio¬ 
graphy, recently published in Glasgow, runs as follows:— 
“ Boebuck, John, a physician and experimental chemist, 
liom at Sheffield, 1718; died, after ruining himself by his 
projects, 1794.” Such is the short 6hrift which the man 
receives who fails. Had Dr. Eoebuck wholly succeeded in 
his projects, he would probably have been esteemed as 
among the greatest of Scotland’s benefactors. Yet bis life 
was not altogether a failure, as we think will sufficiently 
appear from, tho following brief account of his labours:— 
At the beginning of last century, John Tioebnck’s father 
carried on the manufacture of outlery at Sheffield,* in tho 
course of which he realized a competency. He intended his 
son to follow his own business, but the youth was irresistibly 
attracted to scientific pursuits, in which his father liberally 
enconraged him; and he was placed first under the care of 
Dr, Doddridge, at Northampton, and afterwards at the 
University of Edinburgh, where he applied himself to the 
study of medicine, and especially of chemistry, which was 
then attracting considerable attention at the principal seats 


* Dr. Roebuck's grandson, John ddence, at present represents Sheffield 
Arthur Boebuck, by a angular coin- in the British Parliament. 
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of learning in Scotland. While residing at Edinburgh 
young Roebuck contracted many intimate friendships with 
men who afterwards became eminent in litorature, such as 
Hume and Robertson the historians, and the circumstance 
is snpposcd to have contributed not a little to his partiality 
in favour of Scotland, and his afterwards selecting it as the 
field for his industrial operations. 

After graduating as a physician at Leyden, Roebuck re¬ 
turned to England, and settled at Birmingham in the year 
1745 for the purposo of practising his profession. Bir¬ 
mingham was then a principal scat of the metal manufac¬ 
ture, and its mechanics were reputed to be among the most 
skilled in Britain. Dr. Roebuck’s attention waB early 
drawn to the scarcity and dearness of the material in which 
the mechanics worked, and he sought hy experiment to 
devise some method of smelting iron otherwise than by 
neans of charcoal, lie had a laboratory fitted up in his 
louse for the purpose of prosecuting liis inquiries, and 
there he spent every minute that he could spare from his 
professional labours. It was thus that he invented the 
process of smelting iron by means of pit-coal which he 
afterwards embodied in the patent hereafter to he referred 
to. At the same time ho invented new methods of refining 
gold and silver, and of employing them in the arts, which 
proved of great practical value to the Birmingham trades¬ 
men, who made extensive use of thorn in their various 
processes of manufacture. 

Dr. Roebuck’s inquiries had an almost exclusively 
practical direction, and in pursuing them bis main 
object was to render them subservient to the improve¬ 
ment of the industrial arts. Thus ho sought to devise 
more economical methods of producing the various che¬ 
micals used in the Birmingham trade, such as ammonia, 
sublimate, and several of the acids; and his success was 
such as to induce him to erect a large laboratory for tlieir 
manufacture, which was conducted with complete success 
by Ms friend Mr. Garhett. Among his inventions of this 
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character, -was the modem process of manufacturing vitri¬ 
olic acid in leaden vessels in large quantities, instead of in 
glass vessels in small quantities as formerly practised, 
ilia success led him to consider the project of establishing 
a manufactory for the purpose of producing oil of vitriol 
on a large scale; und, having given up his practice as u 
physician, lie resolved, with his partner Mr. Garbett, to 
establish the proposed works in the neighbourhood of 
Edinburgh. He removed to Scotland with that object, and 
began the manufacture of vitriol at Frestonpans in the 
year 1740. The enterprise proved eminently lucrative, 
and, encouraged by his success, lioehnok proceeded to 
strike out new branches of manufacture. lie started a 
pottery for making white and brown ware, which even¬ 
tually became established, and the manufacture exists in 
the same neighbourhood to this day. 

The next enterprise in which he became engaged was 
one of still greater importance, though it proved eminently 
unfortunate in its insults as concerned himself. While 
living at Frestonpans, he made the friendship of Mr. 
William (Jadell, of Oockenzie, a gentleman who had for 
somo time been earnestly intent on developing the industry 
of Scotland, then in a very backward condition. Mr. Cadell 
had tried, without success, to establish a manufactory ot 
iron; and, though he had heretofore failed, he hoped that 
with the aid of Dr. Ftoebuck he might yet succeed. The 
Doctor listened to his suggestions with interest, and em¬ 
braced the proposed enterprise with zeal. He immediately 
proceeded to organize a company, in which he was joined 
by a number of his friends and relatives. His noxt step 
was to select a site for the intended works, and make the 
necessary arrangements for beginning the manufacture of 
iron. After carefully examining the country on both aides 
of the Forth, he at length made choice of a site on the hanks 
of the river Carron, in Stirlingshire, where there was an 
abundant supply of water, and an inexhaustible supply ol 
iron, coal, and limestone in the immediate neighbourhood, 
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and there Dr. Roebuck planted the first ironworks in 
Scotland. 

In order to carry them on with the best chances of suc¬ 
cess, ho brought a large number of skilled workmen from 
England, who formed a nucleus of industry at Carron, 
where their example and improved methods of working 
served to train the native labourers in their art. At a 
subsequent period, Mr. Cadell, of Carronpark, also brought 
a number of skilled English nail-makers into Sootland, and 
settled them in the villago of Camelon, where, hy teaching 
others, the business has become handed down to the present 
day. 

The first furnace was blown at Carron on the first day of 
January, 1760; and in the course of the some year the Carron 
Iron Works turned out 1500 tons of iron, then the whole 
annual produoe of Scotland. Other furnaces were shortly 
after erected on improved plans, and the production stea¬ 
dily increased. Dr. Roebuck was indefatigable in his en¬ 
deavours to improve the manufacture, and he was one of 
the first, as we have said, to revivo the use of pit-coal in 
refining the oro, as appears from his jmtent of 1762. He 
there describes his new process as follows:—“I melt pig or 
any kind of cast-iron in a hearth heated with pit-coal by the 
blast of bellows, and work the metal until it is reduced to 
nature, which I take out of the fire and separate to piocos; 
then I take the metal thus reduced to nature and expose 
it to the action of a hollow pit-coal fire, heated hy the blast 
of bellows, until it is reduced to a looji, which I draw 
out under a common forge hammer into bar-iron.” This 
method of manufacture was followed with success, though 
for some time, as indeed to this day, the principal pro¬ 
duction of the Carron Works was castings, for which the 
peculiar quality of the Scotch iron admirably adapts it. 
The well-known Carronades,* or “ Smashers," as thoy were 

* The canonade was invented by who proposed it for discharging 88 lb. 
General Robert Melville [Hr. Nasmyth shot with low charges of powder, in 
lays it was by MiUer oi Pelswinton - ], order to produce the increased splinter 1 
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named, ware east in large numbers at the Curron Works. 
To increase the power of his blowing apparatus, Dr. Roe- 
buck called to his aid the celebrated Mr. Smeaton, the 
engineer, who contrived and erected for him at Canon the 
most perfect apparatus of the kind then in existence. It 
may also be added, that out of tbo Canon enterprise, in a 
great measure, sprang the Forth and Clyde Canal, the first 
artificial navigation in Scotland. The Carton Company, 
with a view to securing an improved communication with 
Glasgow, themselves surveyed a line, which was only given 
up in consequence of the determined opposition of the 
landowners; but the project was again revived through 
their means, and was eventually carried out after the de¬ 
signs of Smeaton and Brindley. 

While tho Canon foundry was pursuing a career of safe 
prosperity, Dr. Boebnek's enterprise led him to embark in 
coal-mining, with the object of securing an improved 
supply of fuel for the iron works. He became the lessee of 
the Duke of Hamilton’s extensive coal-mines at Borough- 
stoncss, as well as of the salt-pans which were connected with 
them. Tho mansion of Ivinucil went with the lease, and there 
Dr. Ituebuok and his family took up their abode. Kinneil 
House was formerly a country seat of the Dukes of Hamilton, 
and is to this day a stately old mansion, reminding one of a 
French chateau. Its situation is of remarkable beauty, 
its windows overlooking tbo broad expanse of the Firth of 
Forth, and commanding an extensive view of the country 
along its northern shores. The place has become in a 
measure classical, Kinneil House having been inhabited, 
Bince Dr. Roebuck’s time, by Dugald Stewart, who there 
wrote his Philosophical Essays.* 


ing or smashing effects which were 
known to result from each practice. 
The first piece of the kind was cast at 
the Canon Foundry, in 1779, and 
General Melville’s family have now in 
their possession a small model of this 
gnn, with Use inscription:—" Gift cf 


the CaiTon Company to Lieutenant- 
General Melville, inventor of the 
smashers and lesser carronodes, fin 
solid, ship, shell, and carcass shot, &o. 
First used against French ships in 
1779.’’ 

* Wilkie the pointer once paid ilka 
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When Dr. Roebuck Logan to sink for coal at the now 
mines, ho found it necessary to erect pumping-machinery 
of the most powerful kind that could bo contrived, in order 
to keep the mines clear of water. For this purpose the 
Newcomen engine, in its then state, was found insufficient; 
and when Dr. Roebuck’s friend, Professor Black, of Edin¬ 
burgh, informed him of a young man of his acquaintance, 
a mathematical instrument maker at Glasgow, having in 
vented a steam-engine calculated to work with increased 
power, speed, and economy, compared with Newcomen’s, 
Dr. Itochuck was much interested, and shortly after entered 
into a correspondence with James Watt, the mathematical 
instrument maker aforesaid, on the subject. The Doctor 
urged that Watt, who, up to that time, had confined himselt 
to models, should come over to Kinneil House,,and proceed 
to erect a working engine in one of the outbuildings. The 
English workmen whom he had brought to the Canon 
works would, he justly thought, give Watt a Letter chance 
of success with his engine than if made by the clumsy 
whitesmitlis and blacksmiths of Glasgow, quite unaccus¬ 
tomed as they were to first-class work; aud h^joposed 
himself to cast the cylinders at Carron previous to V^att’s 
intended visit to him at Kinneil. > 

Watt paid his promised visit in May, 1708, and Roebuck 
was by this timo so much interested in the invention, that 
the subject of his becoming a partner with Watt, with the 


a visit there while in Scotland study¬ 
ing the subject of his “ Penny Wed¬ 
ding and Bugnld Stewart found tor 
him the old farm-house with the 
cradle-chimney, which he introduced 
in that picture. But Kinneil House 
has had its imaginary Inhabitants as 
well as its real ones, the ghost of a 
i.mly Lilhurn, once an occupant of the 
piece, still “haunting" some of the 
unoccupied chambers. Dugald Stewni t 
told Wilkie one night, as he was going 
to bed, of the unearthly wailing? 


which he himself had heard proceeding 
from the nncient apartments; but to 
him at least they had been explained 
by the door opening out upon the 
loot'being blown in on gusty nights, 
when a jarring and creaking noise was 
heard all over the house. One advan¬ 
tage derived from the house being 
“ hnnnted” was, that the garden wns 
never broken into, and the winter 
apples and stores were at all times 
kept safe from dcpvalation 1 1 the apart¬ 
ments of the I.ady Lilbur: 
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object of introducing the engine into general use, was 
seriously discussed. Watt had been labouring at his in¬ 
vention for several years, contending with many difficulties, 
but especially with tha main difficulty of limited means. 
He had borrowed considerable sums of money from Dr. 
Black to enable him to prosecute his experiments, and lie 
felt the debt to hang like a millstone round his neck. Watt 
was a sickly, fragile man, and a constant sufferer from 
violent headaches; besides he was by nature timid, de¬ 
sponding, painfully anxious, find easily cast down by 
failure. Indeed, he was more than once on tho point of 
abandoning his invention in despair. On the other hand, 
Dr. Roebuck was accustomed to great enterprises, a bold 
and undaunted man, and disregardful of expense where ho 
saw before him a reasonable prospect of success. His re¬ 
putation as a practical chemist and philosopher, and liis 
success as the founder of the Brestonpans Chemical Works 
and of the Carron Iron Works, justified the friends of Watt 
in thinking that ho was of all men tho best calculated to 
help him at this juncture, and hence they sought to bring 
about a more intimate connection between the two. The 
result was that Dr. Roebuck eventually became a partner 
to the extent of two-thirds of tho invention, took upon 
him the debt owing by Watt to Dr, Black amounting to 
about 1200Z., aud undertook to find the requisite money 
to protect the invention by moans of a patent. The neces¬ 
sary steps were taken accordingly, and the patent right 
was seoured by the beginning of 17(59, though the per¬ 
fecting of his model cost Watt much further anxiety and 
study. 

It was necessary for Watt occasionally to reside with 
Dr. Roebuck at Kinneil House while erecting his first 
engine there. It had been originally intended to erect it 
in tho neighbouring town of Boroughstoness, hut as there 
might bo prying eyes there, and Watt wished to do his 
work in privacy, determined “ not to puff,” he at length 
fixed upon an outhouso still standing, olose behind tho 
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mansion, by tlic bumside in the glen, where there was 
abundance of water and secure privacy. Watt’s extreme 
diffidence was often the subject of remark at Dr. Roebuck’s 
fireside. To the Doctor his anxiety seemed quite painful, 
and he was very much disposed to despond under appa¬ 
rently trivial difficulties. Roebuck’s hopeful nature was 
his mainstay throughout. "Watt himself was ready enough 
to admit tliis; for, wilting to his friend Dr. Small, he once 
said, “ I havo met with many disappointments; and 1 
must have sunk under the burthen of them if I had not 
been supported by the friendship of Dr. Roebuck.” 

But more serious troubles were rapidly accumulating 
upon Dr. Roebuck himself; and it was he, and not Watt, 
that sank under the burthen. The progress of Watt’s 
engine was but slow, and long beforo it could be applied 
to the pumping of Roebuck’s mines, the difficulties of the 
undertaking on which he had entered overwhelmed him. 
The opening out of tlio principal coal involved a very 
heavy outlay, extending over many years, during which 
he sank not only his own but his wife’s fortune, and— 
what distressed him most of all—large sums borrowed 
from his relatives and friends, which ho was unable to 
ropay. The consequenco was, that ho was eventually 
under the necessity of withdrawing his capital from the 
refining works at Birmingham, and the vitriol works at 
Prestonpaus. At the samo time, he transferred to Mr. 
Boulton of Soho his entiro interest in "Watt's Bteam-engino, 
the value of which, by the way, was thought so small that 
it was not even included among the assets ; Roobuek’s 
creditors not estimating it as worth one farthing. "Watt 
sincerely deplored his partner's misfortunes, hut could not 
help him. ‘‘Ho has been a most sincere and generous 
friend,” said Watt, “ and is a truly worthy man.” And 
again, “ My heart bleeds for him, but I can do nothing to 
help him: I have stuck by him till T have muoh hurt 
myself; I can do so no longer; my family calls for my 
euro to provide for them.” The later years of Dr. 
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Eoebuok’s life were spent in comparative obscurity; anti 
he died in 1704, in his 7Gtli year. 

He lived to witness the success of the steam-engine, the 
opening up of the Boroughstoness coal,* and the rapid 
extension of the Scotch iron trade, though ho shared in 
the prosperity of neither of those branches of industry. 
IIo had been working ahead of his age, and he suffered 
for it. He fell in the breach at the critical moment, and 
more fortnnato men marched over his body into the fortress 
which his enterprise and valour had mainly contributed tc 
win. Before Ms great undertaking of the Carron Works, 
Scotland was entirely dependent upon other countries for 
its supply of iron. In 17(10, the first year of its opera¬ 
tions, the whole produce was loOO tons. In course of 
time other iron works were erected, at Clyde Cleugh, 
Muirkirk, and Devon—the managers and overseers of 
which, as well as the workmen, had mostly received then- 
training and experience at Carron—until at length the iron 
trade of Scotland has assumed such a magnitude that its 
manufacturers are enabled to export to England and other 
countries upwards of 500,000 tons a-year. How different 
this state of things from the time when raids were made 
across the Border for the purpose of obtaining a store of 
iron plunder to be carried back into Scotland! 

The extraordinary expansion of the Scotch iron trade of 
late years has been mainly due to the discovery by David 
Mushet of the Black Band ironstone in 1801, and the in¬ 
vention of the Hot Blast by James Beaumont Neilson in 
1828. David Mushet was born at Dalkeith, near Edin- 


* Dr. Roebuck hat been on (he 
brink of great good fortune, but be 
did not know it. Mr. Ralph Moore, 
in his “ Papers on the Blackhand 
Ironstones" (Glasgow, 1861), ob¬ 
serves “ Strange to aay, he was 
tearing behind him, almost as the roof 
of one of the seams of coal which be 


worked, a valuable backhand iron¬ 
stone, upon which ICianeil Iron WorkB 
are now founded. The coal-field con- 
tinned to be worked until the acciden¬ 
tal discovery of the blackband abont 
1845. The old coal-pits are now 
used for working the ironstone," 
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burgh, in 1772.* Like other members of ais family ho 
was brought up to mctal-fuuuding. At the age of nine toon 
ho joined tlio staff of the Clj-de Iron Works, near Glasgow, 
at a time when tho Company had only two blast-furnaces al 
work. The office of accountant, which he held, precluded 
him from taking any part in the manufacturing operations 
of the concern. But being of a speculative and ingenious 
turn of mind, tho remarkable conversions which iron under¬ 
went. in the process of manufacture very shortly began to 
occupy his attention. Tho subject was much discussed by 
the young men about tho works, and they frequently had 
occasion to refer to Foitreroy's well-known hook for tho 
purpose of determining various questions of difference 
which arose among them in the course of their inquiries. 
The book was, however, in many respects indecisive and 
unsatisfactory; and, in 170:1, when a reduction took place 
in the Company’s staff, and David Musliet was left nearly 
the sole occupant of tho office, he determined to study tho 
subject for himself experimentally, and in the first place 
to acquire a thorough knowledge of assaying, as the true 
key to tho wholo art of iron-making. 

He first set up his crucible upon the bridge of the rover- 
beratory furnace used for melting pig-irou, and filled it 
with a mixture carefully compounded according to the 
formula of the books; but, notwithstanding the shelter of 
a brick, placed beforo it to break the action of the flame, 
the crucible generally split in two, and not unfrequently 
melted and disappeared altogether. To obtain bettor results 
if possible, ho next had recourse to tho ordinary smith’s 
fire, carrying on his experiments in the evenings after office- 
hours. He set his crucible upon the fire on a piece of firo- 


* The Mushets m3 an old Kincar¬ 
dine family; but they were almost ex¬ 
tinguished by the plague in the reign 
of Charles the Second. Their numbers 
Vcre then red uoed to U a; one of whom 


i cmained at Kincardine, and the other, 
a clergyman, the Rev. George Mushet, 
accompanied Moutroie as chaplain. 
He is buried in Kincardine chui.'lr 
yard. 
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brick, opposite the nozzle of the bellows; coveiing tku 
whole with coke, anil then exciting the flame by blowing. 
This mode of operating produced somewhat bettor results, 
but still neither the iron nor the cinder obtained resembled 
the pig or scoria of the blast-furnace, which it was his 
ambition to imitate. From the irregularity of the results, 
and the frequent failure of the crucibles, he came to the 
conclusion that cither his furnace, or his mode of fluxing, 
was in fault, and he looked about him for a more con¬ 
venient means of pursuing his experiments. A small 
square furnace had been erected in the works for the 
purpose of heating the rivets used for the repair of steam- 
engine boilers; the furnace had for its chimney a cast-iron 
pipe six or seven inches in diameter and nine feet long. 
After a few trials with it, ho raised the hunt to such an 
extent lhat the lower end of the pipe was melted oil', without 
producing any very satisfactory results on the experimental 
crucible, and his operations were again brought to a stand • 
still. A chimney of brick having been .substituted for the 
east-iron pipe, he was, however, enabled to proceed with 
his trials. 

He continued to pursue his experiments in assaying for 
about two years, during which he had been working 
entirely after the methods described in hooks; but, feeling 
the residts still unsatisfactory, he determined to borrow 
no more from the books, but to work exit a system of his 
own, which should ensure results similar to those produced 
at the blast-furnace. This lie eventually succeeded in 
effecting by numerous experiments performed in the night; 
as his time was fully occupied by his office-duties during 
the day. At length these patient experiments bore-their 
due fruits. David Hushet became the most skilled assaycr 
at the works; and when a difficulty occurred in smelting a 
quantity of new ironstone which had been contracted for, 
tbs manager himself resorted to the bookkeeper &r advice 
and information; and the bkill and experience which he 
had gathered during his nightly labours, enabled him 
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readily find satisfactorily io solve the difficulty and suggest 
a suitable remedy. His reward for this achievement was 
the permission, which was immediately granted him by 
the manager, to runko use of his own assay-fumuce, in 
which he thenceforward continued his investigations, at 
the same time that he instructed the manager’s son in the 
art of assaying. This additional experience proved of 
great benefit to him; and he continued to prosecute liis 
inquiries with much zeal, sometimes devoting entire nights 
to experiments in assaying, roasting and cementing iron- 
ores and ironstone, decarbonating cast-iron for steel and 
bar.-iron, and various like operations. His general prac¬ 
tice, however, at that timo was, to retire between two and 
three o’clock in the morning, leaving directions with the 
engine-man to call him at half-past five, so as to bo 
present in the office at six. But these praiseworthy expe¬ 
riments were brought to a sadden end, as thus described 
by himself:— 

“In the midst of my career of investigation,” says he* 
“ and without a cause being assigned, I was stopped short. 
My furnaces, at the order of tho manager, were pulled in 
pieces, and an edict was passed that they Bhould never be 
erected again. Thus terminated my researches at the 
Clyde Iron Works. It happened at a timo when I was 
interested—and I had been two years previously occupied 
—in an attempt to convert cast-iron into steel, without 
fusion, by a process of cementation, which had for its 
object the dispersion or absorption of the superfluous 
carbon contained in the cast-iron,—an object whioh at that 
time appeared to me of so great importance, that, with the 
consent of a friend, I ereoted an assay and cementing 
furnace at the distance of about two miles from the 
Clyde Works. Thither I repaired at night, and sometimes 
at tho breakfast and dinner hours during tho day. This 
plan of operation was persevered in for tho whole of one 


* Papers on Iron and Steel. By David lluskct, London, 1840. 
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bummer, but was found too uncertain and laborious to be 
continued. At tlie latter end of the year 1798 I left my 
chambers, and removed from the Clyde Works to the dis¬ 
tance of about a mile, where I constructed several furnaces 
for assaying and cementing, capable of exciting a greater 
temperature than any to which I before had aee.s.s; and 
thus for nearly two years 1 continued to eavry on my 
investigations connected with iron and the alloys of the 
metals. 

“Though operating in a retired manner, aud holding 
little communication with others, my views and opinions 
upon the rationale of iron-making spread over the establish¬ 
ment. I was considered forward in affecting to see and 
explain matters in a different way from others who were 
much my seniors, .and who were content to lie satisfied 
with old methods of explanation, or with no explanation at 

all.Notwithstanding these early reproaches, 1 

have lived to see the nomenclature of my youth furnish a 
vucabulaty of terms in the art of iron-making, which is 
used by many of tbe ironmasters of tbo present day with 
freedom and effect, in communicating with each other on 
the subject, of their respective manufactures. Prejudices 
seldom outlive the generation to which they belong, when 
opposed by a more rational system of explamt ion. In tills 
respect, Time (as my Lord Bacon says) is the greatest of 
all innovators. 

“ In a similar manner, Time operated in my favour in 
respect to the Black Band Ironstone.* The discovery of 


* This valuable description of iron 
ore wna discovered by Jlr. lluslict, ns 
he afterwards informs us (Papers on 
Iron and Steel , 121), in the year 
1801, when crossing the river Cnlder, 
iu the parish of Old Monkland. Hav¬ 
ing subjected a specimen which lie 
found in the river-bed to the test of 
his crucible, he satisfied himself ns to 
its propvities, aud proceeded to ascer¬ 
tain its geological position and rela¬ 


tions. He shortly found that it 
belonged to the upper pait of the coal- 
ibnnr.ticn, and hence he designated it 
carboniferous ironstone. He prose¬ 
cuted his researches, and found vaiiuus 
rich beds of the mineral distributed 
throughout the western counties of 
Scotland. On analysis, it was found 
to contain a little over 50 per cent, of 
protoxide of iron.- The coaly matter 
it coutnmoa was not its least valuable 
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this' was iH.nk 1 in 1802, when I was engaged in erecting for 
myself and partners tbo Odder Iron Works. Great preju¬ 
dice was excited against mo by the ironmasters and others of 
that day in presuming to class the idid coals of the country (as 
Black Baud was called) with ironstone fit and proper for 
the blast furnace. Yet that discovery has elevated Scot¬ 
land to a considerable rank among the iron-making nations 
of Europe, with resources still in store that may be con¬ 
sidered inexhaustible. But such are the consolatory ef¬ 
fects of Time, that the discoverer of 1801 is no longer con¬ 
sidered the intrusive visionary of the laboratory, but the 
acknowledged benefactor of his country at largo, and parti¬ 
cularly of an extensive class of coal and mine proprietors 
and iron masters, who have derived, and are still deriving, 
great wealth from this important discovery; and who, in 
the spirit of grateful acknowledgment, have pronounced it 
worthy of a crown of gold, or a monumental record on the 
spot where the discovery was first made. 

“ At au advanced period of lifo, such considerations are 
soothing and satisfactory. Many under similar circum¬ 
stances have not, in their own lifetime, had that measure 
of justice awarded to them by their country to which they 
wore equally entitled. 1 accept it, however, as a boon 
justly due to mo, and as an equivalent in some degree for 
that laborious course of investigation which I had pre¬ 
scribed for myself, and which, in early life, was carried on 
uuder circumstances of personal exposure and incon¬ 
venience, which nothing but a frame of iron, could have 
supported. They atone also, in part, for that disappoint¬ 
ment auBtained in early life by the speculative habits of 
one partner, and the constitutional nervousness of another, 
which eventually occasioned my separation from the Caldor 
Iron Works, and lost me the possession of extensive traota 


ingredient; for by the ail of the hot j have sitt 30 been discovered and success- 
blast it wni afterwards found j/racti- ] fully worked in Edlnburghshi v, Staf- 
cable to smell it almost without nuj ; fordshire, and North Wales, 
addition of <wil. Seams of black band 1 
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of Black Band iron-stone, which I lmd scoured while tho 
value of the discovery was known only to myself.” 

Mr. Mu&het published the results of his laborious in vest i- 
g.irimw in a series of papers in tho Philosophical Magazine, 
—afterwards reprinted in a collected form in lft40 nuclei 
the title of ‘‘Papers on Iron and Steel.” These papers are 
among the most valuable original contributions to the 
literature of the iron-manufacture that have yet been given 
to the world. They contain the germs of many inventions 
and discoveries in iron and steel, some of which were per¬ 
fected by Mr. Musliet himself, while others were adopted 
and worked ont by different experimenters. In 17'.»8 some of 
the leading French -chemists were endeavouring to prove 
by experiment that steel could be made hy contact of tho 
diamond with bar-iron in the crucible, the carbon of the 
diamond being liberated and entering into combination with 
the iron, forming steel. In tho animated controversy which 
occurred on tho subject, Mr. Mushet’s name was brought 
into considerable notice; one of the subjects of his pub¬ 
lished experiments having been the conversion of bar-iron 
into steel in tho crucible by contact with regulated pro¬ 
portions of charcoal. The experiments which he made in 
connection with this controversy, though in themselves 
unproductive of results, led to the important discovery by 
Mr. Mushet of the certain fusibility of malleable iron at o 
suitable temperature. 

Among the other important results of Mr. Mushet’s life¬ 
long labours, the following may bo summarily mentioned: 
The preparation of steel from bar-iron by a direct process, 
combining tho iron with carbon; the discovery of the 
beneficial offsets of oxide of manganese on iron and steel; 
the use of oxides of iron in the puddling-furnace in various 
modes of appliance; the production of pig-iron from the 
blast-furnace, suitable for puddling, without the interven¬ 
tion of the refinery; and the application of the hot blast 
to anthraoite coal in iron-smelting. For the process o! 
combining iron, with carbon, for the production of steel} 

12 
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Mr. Muslict look out a patent in November, 1800; and 
many years after, when bo bad discovered the beneficial 
efl'ects of oxide of manganese on steel, Mr. Josiak Heath 
founded upon it bis celebrated patent for the making of 
cast-steel, which bad the effect of raising tlio annual pro¬ 
duction of that metal in Sheffield from 3000 to 100,000 tons. 
His application of the hot blast to anthracite coal, after a 
process invented by him and adojited by the Messrs. Hill of 
the I’lymouth Iron Works, South Wales, had the effect of 
producing savings equal to about 20,0001. a year at thoso 
works; and yet, strange to say, Mr. Mnskot himself never 
received any consideration for his invention. 

The discovery of Titanium by Mr. Munhet in the hearth 
of a blast-furnace in 1794 would now bo regarded as a mere 
isolated fact, inasmuch as Titanium was not placed in the 
list of recognised metals until Dr. Wollaston, many years 
later, ascertained its qualities. But in connection with the 
fact, it may he mentioned that Mr. Mnshot’s youngest son, 
Hubert, reasoning on the peculiar circumstances of the dis¬ 
covery in question, of which amplo record is left, has 
founded upon it his Titanium process, which is expeoted 
by him eventually to supersede all other methods of manu¬ 
facturing steel, and to reduce very materially the cost of 
its production. 

While he lived, Mr. Musliet was a leading authority on 
all matters connected with Iron and Steel, and he contri¬ 
buted largely to tbo scientific works of his time. Besides 
his papers in the Philosophical Joumal, he wrote the article 
‘‘Iron” for Napier’s Supplement to the Encyclopedia 
Britannica; and the articles “ Blast Furnace” and “ Blow¬ 
ing Machine” for Bees’s Cyclopcedia. The two latter 
articles bad a considerable influence on the opposition to 
the intended tax upon iron in 1807, and were frequently 
referred to in the discussions on the subject in Parliament. 
Mr. Mushet died in 1847. 



Chap. IX. 


INVENTION OF TIIE IIOT BLAST. 


14a 


CHAPTER IX. 

Invention of the Hot Blast — James Beaumont 
Xeilson. 


'* Vr’hil-t tin tip]',Its of Iho cm,quc.tr ai,.I the inti igue.s of the ileraa- 
gogue ,-ue faithfully piesmol thinugh a sucvessiun ot'nges, the prtNi-vpr- 
ing nu,I unobtrusive efforts of genius, developing the tret blessings of the 
Deity to man, are often con-lguol to uUivion.”— I‘avl Jft'S'nf. 


Tub exfmordinary value of the Black Baud ironstone was 
not at first duly recognised, perhaps not evon by Air. Mushet 
himself. For several years after its discovery by him, its 
use was confined to the Calder Iron Works, where it wm 
employed in mixture with other ironstones of the argil¬ 
laceous class. It was afterwards partially used at the 
Clyde Iron Works, hut nowhere else, a strong feeling of 
prejudice being entertained against it on the part of the 
iron trade generally. It was not until tiro year 1825 that 
the Monkland Company used it alone, without any other 
mixture than the necessary quantity of limestone for a flax. 
“The success of this Company,” says Mr. Mushet, ‘‘soon 
gave rise to the Gartshorric and Dundyvan furnaces, in the 
midst of which progress cauio tho use of raw pit-coal and 
the Hot Blast—-the latter one of tho greatest discoveries in 
metallurgy of the present ago, and, above every other pro¬ 
cess, admirably adapted for smelting the Blaekband iron 
stone.” From tho introduction of this process the extraor¬ 
dinary development of the iron-manufacture of Scotland 
may he said to date; and wo accordingly propose to de¬ 
vote the present chapter to tin account of its moritorions 
inventor. 

James Beaumont Xejison was bom at Shettleston, a 
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roadside village about three miles eastward of Glasgow, on 
tlio 22nd :f June, 1792. His parents belonged to tbo 
working class. His father’s earnings during many laborious 
years of his life did not exceed sixloon shillings a weok. 
lie had been bred to tho trade of a mill-wiiglit, and was for 
some time in the employment of Hr. Roebuck as an ongine- 
wright at his colliery near Borougbstoness. He was next 
employed in a like capacity by Mr. Beaumont, tho mineral- 
manager of the collieries of Mrs. Cunningham of Lain- 
shaw, near Trvine in Ayrshire; after which ho was ap¬ 
pointed engine-might at Ayr, and subsequently at tho 
Govan C'oal Works near Glasgow, where he remained until 
his death. It was while working at tho Irvine Works that 
he first beeamo acquainted with his future wifo, Marion 
Smith, the daughtor of a Renfrewshire bleacher, a woman 
remarkable through life for her clover, managing, and 
industrious habits. She had tho ohorge of Mrs. Cunning¬ 
ham's children for somo time after the marriage of that 
lady to Mr. Beaumont, and it was in compliment to her 
former mistress and her husband that she named her 
youngest son James Beaumont after the latter. 

Tiro hoy’s education was confined to tho common ele¬ 
ments of reading, writing, and arithmetic, which ho partly 
acquired at tho parish school of Strathbungo near Glasgow, 
and partly at the Chapel School, as it was called, in tho 
Gorbals at Glasgow. He had finally left school hofore 
he was fourteen. Some time before he left, he had been 
partially sot to work, and earned four shillings a wock 
by employing a part of each day in driving a small con¬ 
densing engine which his father had put up in a neigh¬ 
bouring quarry. After leaving school, ho was employed 
for two years as a gig hoy on one of tho winding engines at 
the Govan colliery. His parents now considered him of fit 
age to be apprenticed to some special trade, and as Beau¬ 
mont had much of his father’s tastes for mechanical pursuits, 
it was determined to put him apprentice to a working 
engineer. His elder brother John was then acting as 
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enginoman at Oakbank near Glasgow, and Beaumont was 
apprenticed under him to leam tlie trade. Jolm was u 
person of a studious and serious turn of mind, and had been 
strongly attracted to" follow the example of the brothers 
Haldane, who were then exciting great interest by their 
preaching throughout tho North; but his father set his face 
against his son’s “ preaching at tho back o’ dikes,” as ho 
called it; and so John quietly settled down to his work. 
The engino which the two brothers managed was a very 
small one, and the master and apprentice served for engine- 
man and fireman. Hero the youth worked for three years, 
employing his leisure hours in the evenings in remedying 
tho defeots of his early education, and endeavouring to 
acquire a knowledge of English grammar, drawing, and 
mathematics. 

On the expiry of his apprenticeship, Beaumont continued 
for a time to work under his brother as journeyman at a 
guinea a week; after which, in 1814, he entered the em¬ 
ployment of William Taylor, coal-master at Irvine, and he 
was appointed engine-wright of the colliery at a salary of 
from 70 1. to 801. a year. One of the improvements which 
he introduced in the working of tho oolliery, while he held 
that office, was tho laying down of an edge railway of cast- 
iron, in lengths of three feet, from the pit to the harbour 
of Irvine, a distance of three miles. At the age of 23 he 
married his first wife, Barbara Montgomerie, an Irvine 
lass, with a “ tocher" of 2501. This little provision was 
all the more serviceable to him, as his master, Taylor, 
becoming unfortunate in business, he was suddenly thrown 
out of employment, and the little fortune enabled the 
newly-married pair to hold their heads above water till 
better days came round. They took a humblo tenement, 
consisting of a room and a kitchen, in the Oowoaddens, 
Glasgow, where their first child was born. 

About this time a gas-work, the first in Glasgow, waB 
projected, and the company having been formed, the 
directors advertised for a superintendent and foreman, to 
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whom they offered a “ liberal salary.” Though Beaumont 
had never seen gaslight before, except at the illumination, 
of his father's colliery office after the Peace of Amiens,— 
which was accomplished in a very simple and original 
manner, without either condenser, purifier, or gas-holder,— 
and though he know nothing of the art of gas-making, he 
had the courage to apply for the situation. Pie waB one of 
twenty candidates, and the fortunate one; and in August, 
1817, wo find him appointed foreman of the Glasgow Gas¬ 
works, for five years, at the salary of 901- a year. Before 
the expiry of his tom ho was reappointed for six years 
more, at the advanced salary of 200/., with the status of 
manager and engineer of the works. His salary was gra¬ 
dually increased to 400/. a year, with a free dwelling- 
house, until 1847, when, after a faithful service of thirty 
years, during which ho had largely oxtended the central 
works, and erected branch works in Tradeston and Particle, 
ho finally resigned the management. 

The situation of manager of the Glasgow Gas-works was 
in many inspects well suited for the development of Mr. 
Neilson’s peculiar abilities. In tho first place it afforded 
him facilities for obtaining theoretical as well as practical 
knowledge in Chemical Soionao, of which ho was a diligont 
student at the Andersonian University, as well as of Na¬ 
tural Philosophy and Mathematics in their higher branches. 
In the next place it gave fine scope for his ingenuity ir. 
introducing improvements in the manufacture of gas, then 
in its infancy. Ho was the first to employ day retorts; 
and he introduced sulphate of iron as a self-acting purifier, 
passing tho gas through beds of oharcoal to remove its oily 
and tarry elements. The swallow-tail or union jet was 
also his invention, and it has sinoo come into general use. 

■While managing tho Gas-works, one of Mr. Noilson’s 
labours of love was the establishment and direction by Mm 
of a Workmen’s Institution for mutual improvement. 
Having been a workman liimself, and experienced the dis¬ 
advantages of an imperfoot education in early life, as well 
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as the bonefits arising from improved culture in later yeans, 
ho desired to impart some of these advantages to tho work¬ 
men in his employment, -who consisted chiefly of persons 
from remote parts of the Highlands or from Ireland. Most 
of them could not even read, and his principal difficulty 
consisted in persuading them that it was of any nse to 
learn. For some time they resisted his persuasions to form 
a Workmen’s Institution, with a view to tho establishment 
of a library, classes, and lectures, urging as a sufficient, 
plea for not joining it, that they could not read, and that 
books would bo of no use to them. At last Mr. Neilson 
succeeded, though with considerable difficulty, in inducing 
fourteen of the workmen to adopt his plan. Each member 
was to contribute a small sum monthly, to be laid out in 
books, tbo Gas Company providing the members with a 
comfortable room in which they might meet to read and 
converse in the evenings instead of going to the alehouse. 
The members were afterwards allowed to take the hooks 
home to read, and the room was used for the purpose of 
conversation on the subjects of tho books read by them, 
and occasionally for lectures delivered by the members 
themselvos on geography, arithmetic, chemistry, and me¬ 
chanics. Their numbers increased so that the room in 
which they mot became insufficient for their accommoda¬ 
tion, when tlie Ga3 Company provided them with a new 
and larger place of meoting, together with a laboratory and 
workshop. In the former they studied practical chemistry, 
and in tho latter they studied practical mechanics, making 
for themselvos an air pump and an electrifying machine, as 
well as preparing the various models used in the course of 
tho lectures. The effeots on the workmen were eminently 
benefioial, and the institution came to he cited as among 
the most valuable of its kind in tho kingdom.* Mr. Neilson 
throughout watohed carefully over its working, and exerted 


* Article by Dugald Bannatyne in 9laigow Mechanic's Magazine, M0. 6 s ! 
Dee, 1824, 
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himself in all ways to promoio its usefulness, in which ho 
had the zealous co-operation of the loading workmen them¬ 
selves, and the gratitude of nil. On tho opening of the 
new and enlarged rooms in 1825, we find him delivering an 
admirable address, which was thought worthy of republi¬ 
cation, together with the reply of George Sutherland, ono 
of the workmen, in which Mr. Neil son’s oxortions as its 
founder and chief supporter were gratefully and forcibly 
expressed.* 

It was during the period of his connection with tho 
Glasgow Gas-works that Mr. Noilson directed his attention 
to the smelting of iron. His views in regard to the subject 
were at first somewhat orude, as appoara from a paper read 
by him before the Glasgow Philosophical Society early in 
1825. It appeare that in tho course of the preceding year 
his attention had been called to the subject by an iron- 
maker, who asked him if ho thought it possiblo to purify 
the air blown into tho blast furnaces, in like manner as 
oarburotted hydrogen gas was purified. The ironmaster 
supposed that it was tho presence of sulphur in the air that 
caused blast-furnaces to work irregularly, and to make bad 
iron in the summer months. Mr. Noilson was of opinion 
that this was not the true cause, and he was rather dis¬ 
posed to think it attributable to the want of a due propor¬ 
tion of oxygen in summer, when tho air was more rarefied, 
besides containing moro aqueous vapour than in winter. 
He therefore thought the truo remedy was in some way 
or other to throw in a greater proportion of oxygen; and 
he suggested that, in order to dry the air, it should ho 
passed, on its way to the fnrnaeo, through two long tunnels 
containing calcined lime. But further inquiry served to 
correct his views, and eventually led him to the truo theory 
of blasting. 

Shortly after, his attention was directed by Mr. James 
Ewing to a defect in ono of tho Muirkirk blast-furnaces, 


* Glasgow Mechanic's Magazine, vol, iii. p. 159. 
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situated about lialf a mile distant from tke blowing-engine, 
•which was found not to work so well as others which 
wore situated close to it. The circumstances of tho case 
led Mr. Neilsou to form the opinion that, as air increases 
in volume according to temperature, if he weio to heat 
it hr passing it through a red-hot vessel, its volume would 
bo increased, according to the well-known law, and tlio 
blast might thus be enabled to do more duty in the distant 
furnace. He proceeded to make a scries of experiments at 
the Gas-works, trying the effect of heated air on the illu¬ 
minating power of gas, by' bringing up a stream of it in 
a tube so as to surround the gas-burner. Ho found that 
by this means the combustion of the gas was rendered 
more intense, and its illuminating power greatly increased. 
He proceeded to try a similar experiment on a common 
smith’s fire, by blowing the firo with heated air, and tho 
effect was the same; the fire was much more brilliant, 
and accompanied by an unusually intense degree of heat. 

Having obtained sncli marked results by these small ex¬ 
periment, it naturally occurred to him that a similar 
increase in intensity of combustion and temperature would 
attend tho application of the process to the blast-furaaeo 
on a large sealo; but being only a gas-maker, he had the 
greatest difficulty in persuading any ironmaster to permit 
him to make the necessary experiments with blast-furnaces 
actually at work. Besides, his theory was altogether at 
variance with the established practice, which was to supply' 
air as cold as possible, tho prevailing idea being that tho 
coldness of the air in winter was the causo of the best iron 
being then produced. Aoting on these views, the efforts 
of lire ironmasters had always been directed to the cooling 
of tho blast, and various expedients were devised for tho 
purpose. Thus the regulator was painted white, as being 
the coolest colour; the air was passed ovor cold water, and 
in some cases the air pipes were oven surrounded by ice, 
all with tho object of keeping the blast cold. When, there¬ 
fore, Mr. Noilson proposed entirely to reverse the process, 
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and to employ hot instead of cold blast, the incredulity of 
the ironmasters may woll be imagined, What! Neilson, 
a mere maker of gas, undertake to instruct practical men 
in tko manufacture of iron! And to suppose that heated 
air can be used for the purpose! It was presumption in 
the extreme, or at best tko mere visionary idea of a porson 
altogether unacquainted with the subject! 

At length, however, Mr. Neilson succeeded in inducing 
Mr. Charles Macintosh of Crnssbasket, and Mr. Colin 
Dunlop of the Clyde Iron Works, to allow him. to make a 
trial of the hot air process, In tho first imperfect attompts 
the air was heated to little more than 80° Fahrenheit, yet 
the results were satisfactory, and tho scoriae from the fur¬ 
nace evidently contained less iron. He waB therefore de¬ 
sirous of trying his plan upon a more extensive scale, with 
the object, if possible, of thoroughly establishing the sound¬ 
ness of his principle. In this he was a good deal hampered 
even by those ironmasters who were his friends, and had 
promised him the requisite opportunities for making a fair 
trial of the now process. They strongly objocted to his 
making tho necessary alterations in the furnaoes, and he 
seemed to bo as far from a satisfactory experiment as ever. 
In one instance, where he had so far succeeded as to be 
allowed to heat the blast-main, he aBked permission to 
introduce deflecting plates in tho main or to put a bencl 
in tho pipe, so as to bring the blast moro closely against 
the heated sides of the pipe, and also increase the area o^ 
heating surface, in order to raise the temporature to a 
higher point; hut this was refused, and it was said that 
if even a bend were put in the pipe the furnace would stop 
working. - These prejudices proved a serious difficulty in 
the way of our inventor, and several more years passed 
before he was allowed to put a bond in the blast-main. 
After many years of pel-severance, he was, however, at 
length enabled to work out his plan into a definite shape 
at the Clyde Iron Works, and its practical value was 
at once admitted. At tho meeting of the Jleobanical 
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Engineers’ Society held in May, 1850, Ml'. Ncilson ex¬ 
plained that his invention consisted solely in the principle 
of heating the blast between the engine and tho furnace, 
and was not associated with any particular construction of 
the intermediate heating apparatus. This, ho said, was tho 
cause of its suooess; and in somo respects it resembled the 
invention of his countryman, James Watt, who, in con¬ 
nection with the steam-engine, invented tho plan of con¬ 
densing tho .steam in a separate vessel, and was successful 
in maintaining his invention by not limiting it to any par¬ 
ticular construction of the condenser. On the same occa¬ 
sion he took tho opportunity of acknowledging the firmness 
with which the English ironmasters had stood hy him when 
attempts were made to deprive him of tho benefits of his 
invention; and to them ho acknowledged ho was mainly 
indebted for the successful issue of tho severe contests he 
had to undergo. For there were, of course, certain of the 
ironmasters, both English and Scotch, supporters of tho 
cause of free trade in others’ inventions, who sought to 
resist tho patent, after it had como into general use, and 
had boon recognised as ono of the most valuable improve¬ 
ments of modem times.* 

The patent was secured in 1828 for a term of fourteen 
years; but, as Mr. Neilson did not himself possess the re¬ 
quisite capital to enable him to perfect the invention, or to 
defend it if attacked, he found it necessary to invite other 
gentlemen, able to support him in these respects, to share 
its profits ; retaining for himself only three-tenths of tho 
whole. His partners were Mr. Charles Macintosh, Mr. Colin 


* Mr. Musliet described it ns “ a 
wonderful discovery,” and one of tho 
“most novel and beautiful improve¬ 
ments in his time." Professor Gregory 
of Aberdeen characterized it ns “ tho 
greatest improvement with which he 
was acquainted." Mr. Jessop, an oi- 
tensivo English iron nuuiuliictiiier, de¬ 
clared it to be “ of »s great advantage 


in the iron trade as Arkwright's ma¬ 
chinery was in tho cotton-spinning 
trade;” and Mr. Jfairbnlrn, in his con¬ 
tribution on “ Iron ” iu the Eneyclo- 
pmdia Britannica, says that it " hns 
effected an entire revolution in the 
iron industiy of Great Britain, nnd 
forms tho last era In the history of 
this material." 
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Dunlop, and Mr. John Wilson of Dundyvan. The charge 
made by thorn was only a shilling a ton for all iron pro¬ 
duced by the now process; this low rate being fixed in 
order to ensure the introduction of tbo patent into general 
use, as woll as to reduce to a minimum the temptations of 
the ironmasters to infringe it. 

The first trials of the process were made at tlio blast¬ 
furnaces of Clyde and Colder; from whence the use of the 
hot blast gradually extended to the other iron-mining dis¬ 
tricts. In the course of a few years every furnace in Scot¬ 
land, with one exception (that at Corron), had adopted the 
improvement; while it was also employed in half the fur¬ 
naces of England and Wales, and in many of the furnaces 
on the Continent and in America. In course of time, and 
with increasing experience, various improvements were in¬ 
troduced in the process, move particularly in the shape of 
the air-lieating vessels; tho last form adopted being that of 
a congeries of tubes, similar to the tubular arrangement, in 
the boiler of tho locomotive, by which tlio greatest extont 
of heating surface was provided for tho thorough heating of 
the air. By theso modifications the tomperaturo of the air 
introduced into the furnace has been raised from 240° to 
GOO 0 , or the temperature of malting lend. To protect the 
nozzle of tho air-pipe as it entered the furnace against the 
action of the intense heat to which it was subjected, a spiral 
pipe for a stream of cold water constantly to play in has 
been introduced within the sidos of the iron tuyere through 
which the nozzle passes; by wljioh meanB tlie tuyere is 
kept comparatively cool, while tho nozzle of the air-pipe is 
effectually protected,* 

This valuable invention did not escape the usual fate of 
successful patents, and it was on several occasions the 
subject of protracted litigation. Tho first aotion occurred 
in 1832; but the objectors shortly gave in, and renowed 


* The invention of the tubulin nil- we believe, to Mr. John Comiie, some, 
vessels and the witer-tuyere bolf lgs, time manager of the Blnir Iron Work*, 
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thoir licenco. In 1839, wlien the process had become 
generally adopted throughout Scotland, and, indeed, was 
found absolutely essential for smelting the peculiar ores 
of that oountry—more especially Mushet’s Black Band—a 
powerful combination was formed amongst the ironmasters 
to resist the patent. The litigation which ensued extended 
ovor five years, during which period some twenty actions 
wore proceeding in Scotland, and several in England. 
Three juries sat upon tho subject at different times, and 
on three occasions appeals were canted to tho House of 
Lords. Ono jury trial occupied ton days, during which a 
hundred and two witnesses were examined; the law costs 
on both sides amounting, it is supposed, to at least 40,000/. 
The result was, that tho novelty and merit of Mr. N eilson’s 
invention wore finally established, and he was secured in 
the enjoyment of tho patent right. 

We are gratified to add, that, though Mr. Neilson had tc 
part with two-thirds of the profits of tho invention to seoure 
the capital and influence necessary to bring it into genera, 
use, he realized sufficient to enable him to enjoy the ovening 
of liis lifo in peace and comfort. He retirod from active 
business to an estate which ho purchased in 1851 in the 
Stewartry of Kirkcudbright, where he is found ready tc 
lend a hand in every good work—whether in agricultural 
improvement, railway extension, or the moral and social 
good of those about him. Mindful of the success of his 
Workmen’s Institution at tho Glasgow Gas-Works, he has, 
almost at his own door, erected a similar Institution for the 
use of the parish in which his property is situated, the 
beneficial effects of which have been very marked in the 
district. Wo may add that Mr. Neil son’s merits have been 
recognised by many eminent bodies—by the Institution of 
Civil Engineers, the Chemical Society, and others—the last 
honour conferred on him being his election as a Member of 
tho Royal Society in 1840. 

The invention of tho hot blast, in conjunction with tlw 
discovery of'the Black Band ironstone, has bad an extra- 
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ordinary effect upon tlio development of tlie iron-manu- 
fiioture of Scotland. The coals of that country are generally 
unfit for coking, and lose as much as 55 per cent, in the 
process. But by using the hot blast, the coal could be sent 
to the blast-i’nrnaeo in its raw state, by which a large 
saving of fuel was effected.* Even coals of an inferior 
quality were by its means mado available for tho manu¬ 
facture of iron. But ono of tho peculiar qualities of the 
Black Band ironstone is that in many cases it contains 
sufficient coaly mattor for purposes of calcination, without 
any admixture of coal whatever. Before its discovery, all 
the iron manufactured in Scotland was mado from clay- 
band; but the use of the latter has in a great measure 
been discontinued wherever a sufficient supply of Black 
Bund can bo obtained. And it is found to exist very ex¬ 
tensively in most of tlio midland Scotch counties,—the 
coal and iron measures stretching in a broad belt from 
tho Firth of Forth to tho Irish Channel at tho Firth of 
Clyde. At the timo when tho hot blast was invented, the 
fortunes of many of the older woiks were at a low chi), 
and several of them had been discontinued; but they were 
speedily brought to life again wherever Black Baud could 
he found. In 1829, tho year aftor Neilson’s patent was 
taken out, tho total make of Scotland was 29,000 tons. As 
fresh discoveries of tho mineral wore mado, in Ayrshire and 
Lanarkshire, new works wore orootod, until, in 1845, wo 
find the production of Scotch pig-iron had increased to 

* Mr. Mnshet says, “ The greatest applied io the making of iron with the 
produce in iron per furnace with the anthracite or atone coal of Woles; for 
Biack Band and cold blast never ex- which a patent was taken out by 
ceedod tit) tons n-woek. The produce Gooigo Crane in 18X10. Before tho 
]*r furnace now averages 90 tons a- hot mast was introduced, anthracite 
week. Ten tons of this I attribute to coal would not act ns fuel in the hlnst- 
tho use of raw pit-coal, and the other furnace. When put in, it merely had 
twenty tons to the use of hot blast." the effect of putting the lire out. 
f Papon on Iron and Steel, 127.] With the aid of the hot blast, how- 
The produce per furnace is now 200 ever, it now proves to be a most 
tens a-wock and upwards. valuable the! in smelting. 

The hot blast process was afterwards 
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475,000 tons. It Las since increased to upwards of a 
million of tons, nincteen-twontieths of which are mado 
from Black Band ironstone.* 

Employment has thus been given to vast numbers of 
our industrial population, and the wealth and resources of 
the Scotch iron districts have been inoreased to an extra¬ 
ordinary extent. During the last year there were 125 
furnaces in blast throughout Scotland, each employing 
about 400 men in making an average of 200 tons a-week; 
and the money distributed, amongst the workmen may 
readily bo computed from the fact that, under the most 
favourable circumstances, the cost of making iron in wages 
alone amounts to 36s. a-ton.f 
An immense additional value was given to all land in 
whioh the Black Band was found. Mr. Mushet mentions 
that in 1839 the proprietor of the Airdrie estate derived 
a royalty of 16,5001. from the mineral, which had not before 
its discovery yielded him one farthing. At the same time, 
many fortunes have been made by pushing and energetic 
men who have of late years entered upon this new branch 
of industry. Amongst these may he mentioned the Bairds 
of Gartsherrie, who vie with the Guests and Orawshays of 
South Wales, and have advanced themBelves in the courso 
of every few years from the station of small farmers to that 
of great capitalists owning estates in many counties, hold¬ 
ing the highest character as commercial men, and ranking 
among the largest employers of labour in the kingdom. 


* It ia stated in tlie North British 
lienifsw for Nov. 1845, that " Aa in 
Scotland every furnace—with tho ex¬ 
ception of one at Canon—now uses 
the hot blast, the saving on our present 
produce of 400,000 tons of pig-iron is 
2,000,000 tons of coals, 200,000 tons 
of limestone, and £650,000 sterling per 
annum,'’ But as the Scotch produce 


is now above a million tons of pig-iron 
a year, the above figures will have to 
be multiplied by 2£ to give the present 
annual savings. 

f Papers read by Mr. Ralph Moore, 
Mining Engineer, Glasgow, before the 
Royal Scottish Society of Arts, Edin, 
1861, pp. 13,14. 
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CHAPTER X. 

Mechanical Inventions and Inventoes. 


" L'invcntimi n’esfc-elle pns la pms>io dc la science ? , . . Totif.cs lea 
grandes ddcouvertea portent avec dies la trace ineligible d’unc pensde 
podtiquo. 11 faut etre poete pour creer. Aussi, sommes-uous convaincus 
quo si les puissontos machines, vdritable source de In production ct de 
Tindustrie da nos jours, doivent recevoir des modifications radicalea, ce 
sera A des hommes d’imngination, et non point ii des hommes purement 
spdoiaui, que Ton devra cette tranafcnnntton"— E. M, Bataillis, 'l’raiti 
tics Machines h Vapour. 


Tools have played a highly important part in the history 
of civilization. Without tools and the ability to uae them, 
man were indeed but a “pocr, hare, forked animal,”— 
worse clothed than the birds, worse housed than the heaver, 
worse fed than the jackal. “ Weak in himself,” says 
Carlyle, “ and of small stature, he stands on a basis, at 
most for the flattest-soled, of some half square foot, inse¬ 
curely enough; has to straddle out his logs, lest the very 
wind supplant him. Feeblest of bipeds I Three quintals 
are a crushing load for him; the steer of the meadow 
tosses him aloft like a waste rag. Nevertheless he can 
use tools, can devise tools: with these the granite moun¬ 
tain melts into light dust before him; he kneads glowing 
iron as if it were soft paste; sous are his smooth highway, 
winds and fire his unvarying steeds. Nowhere do you 
find him without tools: without tools he is nothing; with 
tools he is all.” His very first contrivances to support 
life were tools of the simplest and rudest construction; and 
his latest achievements in the substitution of machinery 
for the relief of the human hand and intellect are founded 
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on the use of tools of a still higher order. Hence it is not 
without good reason that man has by some philosophers 
been defined as a tool-making animal. 

Tools, like everything else, had small beginnings. “With 
the primitive stone-hammer and chisel very little could he 
done. The foiling of a tree would occupy a workman a 
month, unless helped by the destructive action of fire. 
Dwellings could not be built, the soil could not be tilled, 
clothes could not be fashioned and made, and the hewing 
out of a boat was so tedious a process that the wood must 
have been far gone in decay before it could be launched. 
It was a groat step in advance to discover the art of 
working in metals, more especially in steel, one of the few 
metals capable of taking a sharp edge and keeping it. 
Prom the date of this disoovery, working in wood and 
stone would be found comparatively easy; and the results 
must speedily have been felt not only in tbe improvement 
of man’s daily food, but in his domestic and social condition. 
Clothing could then be made, tbe primitive forest could be 
cleared and tillage carried on; abundant fuel could be 
obtained, dwellings erected, ships built, temples reared; 
evory improvement in tools marking a new step in the 
development of the human intellect, and a further stage in 
the progress of human civilization. 

The earliest tools were of the simplest possible oharacter, 
consisting principally of modifications of the wedge; such 
as the knife, the shears (formed of two knives working on 
a joint), the chisel, and the axe. These, with the primitive 
hammer, formed the principal stock-in-trade of the early 
mechanics, who were handicraftsmen in the literal sense of 
the word. But the work wkioh the early craftsmen in 
wood, atone, brass, and iron, contrived to exeoute, sufficed 
to show how much expertness in the handling of tools will 
servo to compensate for their mechanical imperfections. 
Workmen then sought rather to aid musoular strength 
than to supersede it, aud mainly to facilitate the efforts of 
manual skill. Another tool became added to those men- 

v 2 
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tioned aoove, which proved an additional source of power 
to the workman. We mean the Saw, which was considered 
of so much importance that its inventor was honoured 
with a place among the gods in the mythology of tho 
Groeks. This invention is said to havo been suggested by 
tho arrangement of the teeth in the jaw of a serpent, used 
by Tains the nophow of Dmdalus in dividing a pieoe of 
wood. From the representations of anoiont tools found in 
the paintings at Herculaneum it appears that the frame¬ 
saw used by the ancients very nearly resembled that still 
in nse; and we are informed that tho tools employed in 
the caTpontors’ shops at Nazareth at this day are in most 
respects the same as those represented in tho buried Roman 
city. Another very ancient tool referred to in the Bible 
and in Homer was tho File, which was need to sharpen 
weapons and implements. Thus the Hebrews “ had a file 
for tho mattocks, and for tho coulters, and for the forks, 
and for the axes, and to sharpen the goads.”* When to 
these wo add the adze, plane-irons, the auger, and the 
chisel, we sum up the tools principally relied on by the 
early mechanics for working in wood and iron. 

Such continued to be the chief tools in nse down almost 
to our own day. The smith was at first the principal tool¬ 
maker ; hut special branchos of trade were gradually esta¬ 
blished, devoted to tool-making. So long, however, as 
the workman relied mainly on his dexterity of hand, the 
amount of production was comparatively limited; for the 
number of skilled workmen was but small. Tho articles 
tamed out by them, being the product of tedious manual 
labour, were too dear to come into common use, and weio 
made almost exclusively for the richer classes of tho 
community. It was not until machinery had been in¬ 
vented and become generally adopted that many of tho 
ordinary articles of necessity and of comfort were producod 
in sufficient abundance and at such prices os enabled them 


• 1 Samue), ch. xiih r. 21 # 
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to enter into the consumption of tho great body of the 
people. 

But every improver of tools had a long and difficult 
battle to fight; for any improvement in their effective 
power was sure to touch the interests of some established 
craft. Especially was this the case with machines, whiclr 
are but tools of a more complete though complicated kind 
than those above described. 

Tate, for instance, the case of the Saw. The tedious 
drudgery of dividing timber by-the oldfaskioned hand-saw 
is well known. To avoid it, some ingenious person sug¬ 
gested that a number of saws should be fixed to a frame 
in a mill, so contrived as to work with a reciprocating 
motion, upwards and downwards, or backwards and for¬ 
wards, and that this frame so mounted should bo yoked to 
the mill wheel, and the saws driven by the power of wind 
or water. Tho plan was tried, and, as may readily be ima¬ 
gined, tho amount of effectivo work dono by this maohine- 
saw was immense, compared with the tedious process of 
sawing by hand. 

It will be observed, however, that the new method must 
Lave seriously interfered with the labour of the hand- 
sawyers ; and it was but natural that they should regal'd 
the establishment of the saw-mills with suspicion and 
hostility. Hence a long period elapsed before the hand- 
sawyers wonld permit the new machinery to be set up 
and worked. Tho first saw-mill in England was erected 
by a Dutchman, near London, in 1063, but was shortly- 
abandoned in consequence of the determined hostility of 
tho workmen. More than a century passed before a second 
saw-mill was set up; when, in 1767, Mr, John Houghton, 
a London timber-merohant, by the desire and with the 
approbation of the Society of Aits, erected one at Limo- 
house, to he driven by wiud. The work was directed by 
one James Stansfield, who had gone over to Holland for the 
purpose of learning the art of constructing and managing 
the sawing maobinery. But the mill 'was no sooner erected 
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than a mob assembled and razed it to the ground. The 
principal rioters having been punished, and the loss to the 
proprietor having been made good by the nation, a new 
mill was shortly after built, and it was suffered to work 
without further molestation. 

Improved methods of manufacture have usually had to 
encounter the same kind of opposition. Thus, when the 
Flemish weavers oame over to England in the seventeenth 
century, bringing with them their skill and their industry, 
they excited great jealousy and hostility amongst the 
native workmen. Their competition as workmen was 
resented as an injury, hut their improved machinery was 
regarded as a far greater source of mischief. In a memo¬ 
rial presented to the king in 1621 we find the London 
weavers oomplaining of the foreigners’ competition, but 
especially that “ they have made so bould of late as to 
devise engines for working of tape, laoe, rihbin, and Buch 
like, wherein "one man doth more among them than 7 
Englishe men can doe; so as their cheap sale of commo¬ 
dities beggereth all our Englisbe artificers of that trade, 
and onrioheth them.”* 

At a much more recent period new inventions have had 
to encounter serious rioting and machine-breaking fury. 
Kay of the fly-shuttle, Hargreavos of the spinning-jenny, 
and Arkwright of the spinning-framo, all had to fly from 
Lancashire, glad to escape with their lives. Indeed, says 
Mr. Bazley, “ so jealous were the people, and also the 
legislature, of everything calculated to supersede men’s 
labour, that when the Sankey Canal, six miles long, near 
Warrington, was authorized about the middle of last cen¬ 
tury, it was on the express condition that the boats plying 
on it should bo drawn by men only I”f Even improved 
agricultural tools and maobiues have bad the same oppo- 


* State Payers, Pom. 1621, Yol. 
88, No. 112. 

f ievturts on the Remits of the 


Great Exhibition of 1851, 2ud Scries. 
117. 



Chap. X. 


INVENTION PROGRESSIVE. 


167 


eition to encounter; and in our own time bands of rural 
labourers have gone from farm to form breaking drill- 
plouglis, winnowing, threshing, and other machines, down 
even to tho common drills,—not perceiving that if th eir 
policy had proved successful, and tools could have been 
effectually destroyed, the human race would at once have 
been reduoed to their teeth and nails, and civilization 
sonunarily abolished.* 

It is, no doubt, natural that the ordinary class of work¬ 
men should regal’d with prejudice, if not with hostility, 
the introduction of machines calculated to place them at 
a disadvantage and to interfere with their usual employ¬ 
ments ; for to poor and not very far-seeing men the loss of 
daily bread is an appalling prospect. But invention does 
not stand still on that account. Human brains will work. 
Old tools are improved and new ones invented, super¬ 
seding existing methods of production, though the weak 
and unskilled may occasionally be pushed aside or even 
trodden under foot. The consolation whioh remains is, 
that while the few snffer, society aB a whole is vastly bene¬ 
fited by the improved methods of production whioh are 
suggested, invented, and perfected by the experience of 
successive generations. 

The living race is the inheritor of the industry and skill 
of all past times; and the civilization we enjoy is but the 
sum of the useful effects of labour during the past cen. 


* Dr. Klrwau, late President of 
the Royal Irish Academy, who had 
travelled much on the continent of 
Europe, used to relate, when speaking 
of the difficulty of introducing im¬ 
provements in die arts and manufac¬ 
tures, and of tho prejudices entertained 
tor old practices, that, in Normandy, 
the farmers had been so long accus¬ 
tomed to the use of ploughs whose 
shares wera made entirely of wood that 
they could not be prevailed on to make 
tiid of those with iron ; that they 


considered them to be an idle and use¬ 
less innovation on the long-established 
practices of their ancestors; and that 
thoy carried these prejudices so far as 
to force the government to issue an 
edict on the subject. And even to the 
last they were so obstinate in their 
attachment to ploughshares of wood 
that a tumultuous opposition wss 
made to the enforcement of the edict, 
which for a short time threatened a 
rebellion in the province.—P auses, 
Chemical Essays, 4th Ed. 473. 
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toies. Nihil per saltum. By slow and often painful steps 
Nature’s seorets have been mastered. Not an effort has 
"been made but lias had its influence. For no human labour 
is altogether lost; some remnant of useful effeot surviving 
for the benefit of the raoe, if not of the individual. Even 
attempts apparently useloss have not really been so, but 
have served in some way to advance man to higher know¬ 
ledge, skill, or discipline. “ The loss of a position gained,” 
says Professor Thomson, “ is an event unknown in the 
history of man’s straggle with the forces of inanimate 
nature.” A single step won gives a firmer foothold for 
further offort. The man may die, but tlio race survives 
and continues the work,—to uso the poet’s similo, mounting 
on stepping-stones of dead selves to higher solves. 

Philarete Chasles, indeed, holds that it is the Human 
Race that is yonr true inventor: “ As if to unite all gene¬ 
rations,” he says, “ and to show that man can only act 
efficiently by association with others, it has been ordoined 
that each inventor shall only interpret the first word of 
the problem he sets himself to solve, and that every greaf 
idea shall be the resumd of the past at the same time that 
it is the germ of the future.” And rarely does it happen 
that any discovery or invention of iraportanoo is made by 
one man alone. The threads of inquiry aro taken up and 
traced, one labourer succeeding another, each tracing it a 
littlo further, often without apparent result. This goes 
on sometimes for centuries, until at length some man, 
greater perhaps than his fellows, seeking to fulfil the 
needs of his time, gathers the various threads together, 
treasures up the gain of past successes and failures, and 
uses them as the means for some solid achievement. Thus 
Newton discovered the law of gravitation, and thus James 
Watt invented the steam-engine. So also of the loco¬ 
motive, of which Robert Stephenson said, “ It has not been 
the invention of any ono man, but of a race of meohonical 
engineers.” Or, as Joseph Bramah observed, in the pre¬ 
amble to his second Look patent, “Among the number 
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of patents granted there are comparatively few which can 
be called original, so that it is difficult to say where the 
boundary of one ends and where that of another begins.” 

The arts are indeed reared but slowly; and it was a 
wise observation of Lord Bacon that wo are too apt to 
pass those ladders by which they have been reared, and 
reflect the whole merit on the last now performer. Thus, 
what is hailed as an original invention is often found to bo 
but the result of a long succession of trials and experiments 
gradually following each other, which ought rather to be 
considered as a continuous series of achievements of the 
human mind than as the conquest of any single individual. 
It has sometimes taken centuries of experience to ascertain 
the value of a single fact in its various bearings. Like 
man himself, experience is feeble and apparently purpose¬ 
less in its infancy, but apquires maturity and strength with 
age. Experience, however, is not limited to a lifetime, 
but is the stored-up wealth and power of our race. Even 
amidst the death of successive generations it is constantly 
advancing and accumulating, exhibiting at the same time 
the weakness and the power, the littleness and the great¬ 
ness of our common humanity. And not only do we who 
livo succeed to the actual results of our predecessors’ 
labours,—to their works of learning and of art, their in¬ 
ventions and discoveries, their tools and machines, their 
roads, bridges, canals, and railways,—but to the inborn 
aptitudes of blood and brain which they bequeath to us,— 
to that “ oducability,” so to speak, which has been won 
for us by the labours of many generations, and forms our 
richest natural heritage. 

The beginning of most inventions is very romote. The 
first idea, born within some unknown brain, passes thence 
into others, and at last comes forth complete, after a partu¬ 
rition, it may be, of centuries. One starts the idea, another 
developes it, and so on progressively until at last it is ela¬ 
borated and worked out in praotioe; but the first not less 
than the last is entitled to his share ip the merit of the in- 
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veniiou, -were it only possiblo to measure anil apportion it 
duly. Sometimes a great original mind strikes upon some 
now vein of hidden power, and gives a powerful impulse to 
the inventive faculties of man, whioh lasts through gene ■ 
rations. More frequently, however, inventions are not 
entirely now, but modifications of contrivances previously 
known, though to a few, and not yet brought into practical 
use. Glancing back over the history of mechanism, we 
occasionally sec an invention seomingly full born, when 
suddenly it drops out of sight, and wo hoar no more of it 
for centuries. It is taken up da novo by some inventor, sti¬ 
mulated by the needs of his time, and falling again upon 
the track, he recovers the old footmarks, follows them up, 
and completes the work. 

There is also such a thing as inventions being horn before 
their time—the advanced mind of one generation projecting 
that whioh cannot be executed for want of the requisite 
means; but in duo process of time, when mechanism has 
got abreast of the original idea, it is at length carried out; 
and thus it is that rnodorn inventors aro enabled to effect 
many objects whioh their predecessors had tried in vain to 
accomplish. As Louis Napoleon has said, “ Inventions horn 
before them time must remain useless until the level of 
common intellects rises to comprehend thorn.” For this 
reason, misfortune is often tho lot of the inventor before his 
time, though glory and profit may belong to his successors. 
Hence tho gift of inventing not unfreqnontly involves a 
yoke of sorrow. Many of the greatest inventors have lived 
neglected and died unrequited, before their morits could be 
recognised and estimated. Even if they succeed, they often 
raise up hosts of onemies in the persons whoso methods 
they propose to supersede. Envy, malice, and detraction 
meet them in all their forms; they aro assailed by combina¬ 
tions of rich and unscrupulous persons to wrest from them 
the profits of their ingenuity; and last and worst of all, the 
successful inventor often finds his olaims to originality de¬ 
cried, and himself branded os a copyist and a pirate, 
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Among the inventions bom out of time, and before the 
world could make adequate use of them, we can only find 
space to allude to a few, tbougli they are so many that one 
is almost disposed to accept the words of Chaucer as true, 
that “ There is nothing now but what has once been old 
or, as another writer puts it, “ There is nothing new but 
what has before been known and forgotten;” or, in the 
words of Solomon, “ The thing that hath been is that which 
shall be, and there is no new thing under the sun.” One 
of the most important of theso is the use of Steam, which 
was well known to the anoients; but though it was used 
to grind drugs, to turn a spit, and to excite the wonder and 
fear of the credulous, a long time elapsed before it became 
employed as a useful motive-power. The inquiries and 
experiments on the subject extended through many ages. 
Friar Bacon, who flourished in tlio thirteenth century, 
seems fully to havo anticipated, in the following remark¬ 
able passage, nearly all that steam could accomplish, as 
well as the hydraulic engine and the diving-hell, though 
the flying machine yet remains to he invented :— 

“ I will now,” says the Friar, “ montion some of tho 
wonderful works of art and nature in which there is nothing 
of magic, and which magio could not perform. Instruments 
may ho made by which the largest ships, with only one 
man guiding them, will be carried with greater velocity 
than if they were full of sailors. Chariots may he con¬ 
structed that will move with incredible rapidity, without 
the help of animals. Inslnunonts of flying may ho formed, 
in whioh a man, sitting at his ease and meditating on any 
subject, may heat tho air with his artificial wings, after 
the manner of birds. A small instrument may bo made to 
raise or depress the greatest weights. An instrument may 
be fabricated by which one man may draw a thousand men 
to him by force and against their will; as also machines 
which will enable men to walk at the bottom of seas or 
rivers without danger.” 

It is possible that Friar Bacon derived his knowledge 
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of the powers which he thus described from the traditions 
handed down of former inventions which had been neglected 
and allowed to fall into oblivion; for beforo the inven¬ 
tion of printing, which enabled the results of investiga¬ 
tion and experience to be treasured up in books, thero 
was great risk of the inventions of one ago being lost to 
the succeeding generations. Yet Disraeli the elder is of 
opinion that‘the Homans had invented printing without 
being aware of it; or perhaps the senate dreaded the incon¬ 
veniences attending its use, and did not care to deprive a 
largo hody of scribes of tlioir employment. They oven used 
stereotypes, or immovable printing-types, to stamp impres¬ 
sions on their pottery, specimens of whioh still exist. In 
China the art of printing is of great antiquity. Litho¬ 
graphy was well known in Germany, hy the very name 
whioh it still bears, nearly three hundred yearn hoforo 
Senefelder reinvented it; and specimens of the anciont art 
are yet to he seen in the Hoyal Museum at Munich.* 

Steam-locomotion, by sea and land, had long been dreamt 
of and attempted. Blasco de Garay made his experiment in 
the harbour of Barcelona as early as 1543; Denis Papin 
made a similar attempt at Cassol in 1707; but it was not 
until Watt had solved the problem of the steam-engine that 
the idea of the steam-boat could bo developed in praotice, 
which was done hy Miller of Dalswinton in 1788. Sages 
and poets have frequently foreshadowed inventions of great 
social moment. Thus Dr. Darwin’s anticipation of the 
locomotive, in his Botanic Garden, published in 1791, beforo 
any locomotive had been invented, might almost be re¬ 
garded as prophetio:— 

Soon shall thy arm,- unconquered Steam 1 afar 

Drag the Blow barge, and drive the rapid oar. 

Denis Papin first threw out the idea of atmospheric loco¬ 
motion; and Gauthey, anothor Frenchman, in 1782 pro< 


* Edouabd Fodrhieb, Yieux-Heuf, i, 339. 
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jeoted a mothod of convoying parcels and nteichandiso by 
subterraneous tubes,* after the method recently patented 
and brought into operation by the London Pneumatic) 
Despatch Company. The balloon was an ancient Italian 
invention, revived by Mongolfier long aftor the original 
had been forgotten, Even the reaping maohine is on old 
invention revived. Thus Barnabe Googo, the translator of 
a book from the German entitled * The whole Arte and 
Trade of Husbandrie,’ published in 1577, in the reign of 
Elizabeth, speaks of the reaping-machine as a wom-out in¬ 
vention—a thing “ which was woont to be used in Prance. 
The device was a lowe kindo of carre with a couple of 
whoeles, and tho frunt armed with sharpo syckles, wliicho, 
forced by tho beaste through the corne, did cut down al be¬ 
fore it. This tricke,” says Googo, “ might be used in levell 
and champion countreys; but with us it wolde make but 
ill-favoured woorke.” + The Thames Tunnel was thought 
an entirely new manifestation of engineering genius; 
but the tunnel under tho Euphrates at ancient Babylon, 
and that under the wide mouth of tho harbour at Marseilles 
(a much more difficult work), show that the anoients were 
beforehand with us in the art of tunnelling. Macadamized 
roads are as old as the Homan empire; and suspension 
bridges, though comparatively new in Europe, have been 
known in China for centuries. 

There is every reason to believe—indeed it seems clear— 
that the Kourans know of gunpowder, though they only 
used it for purposes of fireworks; while the secret of tho 
destructive Greek fire has been lost altogether. "When 
gunpowder came to be used for purposes of war, invention 
busied itself upon instruments of destruction. "When re¬ 
cently exa minin g the Musoum of the Arsenal at Venice, we 
were surprised to find numerous weapons of the fifteen ih 
and sixteenth centuries embodying the most recent English 


* Mimires de I'Acaddnk tics f Farmer’s Magazine, 1817, No. 
Saknces, 6 Feb. 1826. Ixxi. 291. 
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improvements in arms, such as revolving pistols, rifled 
muskets, and breech-loading cannon. The latter, embody¬ 
ing Sir William Armstrong's modern idea, though in a rude 
form, had been fished up from the bottom of the Adriatic, 
where the ship armed willr them had been sunk hundreds 
of years ago. Even Perkins’s steam-gun was an old in 
vontion revived by Leonardo da Vinci, and by him attri¬ 
buted to Archimedes.* The Congreve rocket is said to 
have an Eastern origin, Sir William Congrove having ob¬ 
served its destructive effects when employed by the forces 
under Tippoo Saib in the Mabratta war, on which ho 
adopted aud improved the missile, and brought out the in¬ 
vention as his own. 

Ooal-gas was regularly used by the Chinese for lighting 
purposes long before it was known amongst ns. Hydro¬ 
pathy was generally practised by the Romans, who esta¬ 
blished baths wherever they went. Even chloroform is no 
new thing. The use of ether as an anocstliotio was known 
to Albortus Magnus, who flourished in the thirteenth cen¬ 
tury ; and in his works he gives a recipe for its prepara¬ 
tion. In 1G81 Denis Papin published his Traiti des Opera¬ 
tions sans Douleur, showing that ho had discovered methods 
of deadening pain. But the uso of ansesthotics is much 
older than Albertus Magnus or Papin; for the ancients 
had their nepenthe and mandragova; the Chinese their 
mayo, and tho Egyptians their hachisch (both preparations 
of Cannabis Indica), the effects of which in a great measure 
resemble those of chloroform. What is perhaps still more 
surprising is the circumstance that one of tho most elegant 
of recent inventions, that of sun-painting by the daguerreo¬ 
type, was in the fifteenth century known to Leonardo da 
Vinci,f whoso skill as an architect and engraver, and whoso 
accomplishments as a chemist and natural philosopher, have' 
been almost entirely overshadowed by his genius os a 


* Vieux-lttnf, i. 228 j Invcnta f Vicux-Nouf, i. 19. See nUo hr 
Sova-Antiqm, 742. venta Som-Antiqua, 803. 
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painter.* Tho idea, thus early born, lay in tblivion until 
17G0, when the 'daguerreotype was again clearly indicated 
in a book published in Paris, written by a certain Tiphanie 
de la Boclie, under the diagrammatic title of Giphantie. Still 
later, at the beginning of the present contuiy, we find 
Thomas Wedgwood, Sir Humphry Davy, and James Watt, 
making experiments on the action of light upon nitrate 
of silver; and only within the last few montlis a silvered 
copper-plate has hccn found amongst tho old household 
lumber of Matthew Boulton (Watt’s partner), having on it a 
representation of tho old premises at Soho, apparently taken 
by some suoli process, f 

In like manner tbe invention of tho eleotiic telegraph, 
supposed to he exclusively modern, was clearly indicated 
by Sehwenter in his D&lassements Physico-MathSmatiques, pub¬ 
lished in 1630 ; and lio thero pointed oiit how two indivi¬ 
duals oould communicate with each other by means of tbe 
magnetic needle. A century later, in 1746, Le Mourner 
exhibited a series of experiments in the Eoyal Gardens at 
Paris, showing how electricity could be transmitted through 
iron wire 950 fathoms in length; and in 1758 we find one 
Charles Marshall publishing a remarkable description of 
the electric tolegraph in the Scots Magazine, under the titlo 


* Mr. HaUam, in his Introduction 
to tho History of Europe, pronounces 
the following remarkable eulogium on 
this extraordinary genius:—"If any 
doubt could be harboured, not only as 
to the right of Leonardo da Yinci to 
stand as the first name of tho fifteenth 
century, which is beyond all doubt, 
but as to his originality in so many 
discoveries, which probably no one 
man, especially in such circumstances, 
has over made, it must be on an 
hypothesis not very untenable, thnt 
somA parts of physical science had 
already attained a height which mere 
books do not record." “ Unpublished 
MSS. by Leonardo erntain discoveries 
and anticipations of discoveries," says 


Mr. Hnllam, “ within tne compass ot 
a few pages, so ns to strike us with 
something like the awe of preternatural 
knowledge.” 

f The plate Is now to be seen at 
tlie Museum of Patents at South Ken¬ 
sington. In the account which has 
been published of the above discovery 
it is stated that " nn old man of ninety 
(recently dead or still olive) recollected, 
or recollects, that Watt and others used 
to take portraits of people in a dark (?) 
room j and thero is a letter extant 
of Sir William Bcechey, begging tbs 
Lunar Society to desist from these ex¬ 
periments, as, were the process to suc¬ 
ceed, it would ruin portrait-painting.” 
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of ‘ An expeditious Method of conveying Intolligcnoe.’ 
Again, in 17(30, wo find Georgo Louis Lesage, professor of 
mathematics at Geneva, promulgating his invention of an 
olectrio telegraph, which he eventually completed and sot 
to work in 1774. This instrument was composed of twenty- 
four metallic wires, separato from each other and enclosed 
in a non-conducting substance. Each wire ended in a 
stalk mounted with a little ball of eldor-wood suspended 
by a silk thread. "When a stream of electricity, no matter 
how slight., was sont through the wire, the oldor-ball at the 
opposite end was repelled, such movement designating some 
letter of the alphabet. A few years later wo find Arthur 
Young, in his Trawls in France, describing a similar machine 
invented by a M. Lomond of Paris, tho action of which lie 
also desoribes.* In these and similar oases, though tho idea 
was born and the model of the invention was actually made, 
it still waited the advent of the scientific mechanical in¬ 
ventor who shonld bring it to perfection, and embody it 
in a practical working form. 

Some of tho most valuable inventions have descended to 
us without the names of their authors having been pre¬ 
served. Wo are tho inhoritors of an immense legacy of the 
results of labour and ingenuity, but wo know not the names 


* “ 1 (3th Oct. 1787. In the evening 
to M. Lomoiul, a very ingenious and 
inventive mechanic, who hns made an 
improvement or the jenny for spinning 
cotton. Common machines are said 
to make too hard a thread for certain 
fabrics, but this forms it looso and 
spongy. In electricity he lias made a 
remarkable discovery: you write two 
or three words on a paper; he takes it 
with him into a loom, and turns n 
machine inclosed in a cylindrical case, 
at the top of which is an electrometer, 
a small fine pith ball; a wire connects 
with a similar cylinder and electro¬ 
meter in n distant apartment: and his 
Wife, by remarking the corresponding 


motions of the hull, writes down the 
woids they indicate; from which it 
appeal's that he has formed an alphabet 
of motions. As the length of the wire 
makes no difference in the effect, a cor- 
respondenco might bo carried on at any 
distance: within and without a be¬ 
sieged town, for instance; or for a 
purpose much more worthy, and a 
thousand times more harmless, be¬ 
tween two lovers prohibited or pre¬ 
vented from any hotter connexion, 
Whatever the use may be, tho in¬ 
vention is beautiful.”—Arthur Young’s 
Travels in France in 1787-8-9. Lon¬ 
don, 179:2, 4to, cd. p '5. 
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ef our benefactors. Who invented the watch as a measurer 
of time ? Who invented the fast and loose pulley? Who 
invented tho eocentric ? "Who, asks a mechanical in¬ 
quirer,* “invented the method of cutting screws with 
stocks and dies ? Whoever ho might be, he was certainly 
a great benefactor of his speoies. Yet (adds the writer) 
his name is not known, though the invention haB been so 
recent.” This is not, however, the case with most modern 
inventions, tho greater number of which are more or less 
disputed. Who was entitled to tho merit of inventing 
printing has never yet been determined. Weber and Sene¬ 
felder both laid claim to the invention of lithography, 
though it was merely an old German art revived. Even 
the invention of tho penny-postage system by Sir Howland 
Hill is disputed; Dr. Gray of the British Museum claiming 
to he its inventor, and a French writer alleging it to he an 
old French invention.! The invention of the steamboat 
has been claimed on behalf of Blasco do Garay, a Spaniard, 
Papin, a Frenchman, Jonathan Hulls, an Englishman, and 
Tali'ick Miller of Dalswinton, a Scotchman. The inven¬ 
tion of the spinning machine has been variously attributed 
to Paul, Wyatt, Hargreaves, Higley, and Arkwright. Thu 
invention of the balance-spring was claimed by Huyghens, 
a Dutchman, Hautefeuille, a Frenchman, and Hooke, an 
Englishman. There is scarcely a point of detail in tho 
locomotive hut is the subject of dispute. Thus tho inven¬ 
tion of the blast-pipe is claimed for Trevithick, George 
StophenBon, Goldsworthy Gurney, and Timothy Hackwortli ; 


* Mechanic's Maijatme, 4th Feb. 

+ A writer in the Monde says 
“ Tho invention of postage-stamps is 
far from being so modem as is gene¬ 
rally supposed. A postal regulation 
in France of the year 1653, which has 
recently come to light, gives notice of 
the oreation of pro-paid tickets to ho 
iwd for Paris instead of money pay¬ 


ments. Tlio-o liikets were to he dated 
■uia attached to the letter or wrapped 
round it, in such a manner that the 
postman could remove and retain them 
on delivering the missive. These 
franks were to be sold by the porters 
of the convents, prisons, colleges, end 
other public institutions, at the prief 
of one sou.” 
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that of the tubular boiler by Seguin, Stevens, Booth, and 
W. H. James; that of the link-motion by John Gray, Hugh 
Williams, and Eobert Stephenson. 

Indeed many inventions appear to bo coincident. A 
number of minds are -working at tlio same time in tho same 
track, with the object of supplying some want generally 
felt; and, guided by the same experience, they not unfre- 
quently arrive at like results. It liaB sometimes happened 
that the inventors have been separated by great distances, 
so that piracy on the part of either was impossible. Thus 
Hadley and Godfrey almost simultaneously invented the 
quadrant, the one in London, the other in Philadelphia; 
and the process of eleotrotyping was invented at tho same 
time by Mr. Spenoer, a working chemist at Liverpool, and 
by Professor Jacobi at St. Petersburg. The safety-lamp 
was a coincident invention, made about the same time by 
Sir Humphry Davy and George Stephenson; and perhaps 
a still more remarkable instance of a coincident discovery 
was that of the planet Neptune by Loverrior at Paris, and 
by Adams at Cambridge. 

It is always difficult to apportion tho duo share of merit 
which belongs to mechanical inventors, who are accus¬ 
tomed to work upon oaoh other’s hints and suggestions, as 
well as hy their own experience. Some idea of this diffi¬ 
culty may be formed from the fact that, in tho course of our 
investigations as to the origin of the planing maohino—one 
of tho most useful of modern tools—we have found that it 
lias been claimed on behalf of six inventors—Fox of Derby, 
Eoberts of Manchester, Matthew Murray of Leeds, Spring 
of Aberdeen, Clement and Qeorgo Eonnie of London; and 
thero may be other claimants of whom we havo not yet 
heard. But most meohanical inventions are of a very 
composite character, and are led up to by the labour and 
tlie study of a long succession of workers. Thus Savary 
and Newcomen led up to Watt; Cngnot, Murdock, and 
Trevithick to tho Stephensons; and Maudslay to Clomeut, 
Eoberts, Nasmyth, Whitworth, and many more mechanical 
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inventors. Thero is scarcely a process in the arts but lias 
in like manner engagod mind after mind in bringing it 
to perfection. “There is nothing,” says Mr. Hawkshaw, 
“ really worth having that man has obtained, that has not 
been the result of a combined and gradual process of in¬ 
vestigation. A gifted individual comes across some old 
footmark, stumbles on a chain of previous research and 
inquiry. He meets, for instance, with a machine, the 
result of much previous labour; he modiflos it, pulls it to 
pieces, constructs and reconstructs it, and by further trial 
and experiment he arrives at the longsought-for result."*" 
But the making of the invention is not the sole difficulty. 
It is one thing to invent, said Sir Marc Brunei, and another 
thing to make the invention work. Thus when "Watt, 
after long labour and study, had brought his invention to 
completion, he encountered an obstacle which has stood in 
the way of other inventors, and for a time prevented the 
introduction of their improvements, if not led to their 
being laid aside and abandoned. This was the circum¬ 
stance that the machine projected was so much in advance 
of the meohauical capability of the ago that it was with 
the greatest difficulty it could be executed. When labour¬ 
ing upon his invention at Glasgow, Watt was baffled and 
thrown into despair by the clumsiness and incompetency 
of Ms workmen. Writing to Dr. Roebuck on one occasion, 
he said, “You ask what is the principal hindrance in 
erecting engines? It is always the smith-work.” His 
first cylinder was made by a whitesmith, of hammered iron 
soldered together, but having used quioksilver to keep 
the cylinder air-tight, it dropped through the inequalities 
into the interior, and “ played the devil with the solder.” 
Vet, inefficient though the whitesmith waB, Watt could ill 
spare him, and we find Mm writing to Dr. Roebuck almost 
in despair, saying, “ My old white-iron man is dead 1 ” feel- 


* Inaugural Address delivered before the Institution of Civil Engineers, 
Hth Jan. 1862. 
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iug lxis loss to Toe almost irreparable. His next cylinder 
was cast and bored at Canon, but it was so untrue that it 
proved next to useless. The piston could not be kept steam 
tight, notwithstanding the various expedients which were 
adopted of stuffing it with paper, cork, putty, pasteboard, 
and old hat. Even after Watt had removed to Binning 
ham, and he had tho assistance of Boulton’s best workmen, 
Smeaton expressed the opinion, when he saw tho engine at 
work, that notwithstanding the excellence of the inven¬ 
tion, it could never he brought into general use because of 
the difficulty of getting its various parts manufactured with 
sufficient precision. For a long time we find Watt, in his 
letters, complaining to his partner of the failure of his 
engines through “villainous bad workmanship.” Sometimes 
the cylinders, when cast, were found to he more than an 
eighth of an inch wider at one end than the other; and under 
such circumstances it was impossible the engine could act 
with precision. Yet hotter work could not he had. First- 
rate workmen in machinery did not as yet exist; they 
wero only in procoss of education. Nearly everything had 
to he done by hand. Tho tools used were of a vory im¬ 
perfect kind. A few ill-uonstruoted lathes, with some drills 
and boring-machines of a rude sort, constituted tho prin¬ 
cipal furniture of tho workshop. Years after, when Brunei 
invented his blook-machines, considerable timo olapsod 
before ho could find competent mechanics to oonstruet 
them, and even after they had been constructed he had 
equal difficulty in finding competent hands to work thorn.* 
Watt endeavoured to romedy the defect by keeping 
certain sets of workmen to speoial classes of work, allow¬ 
ing them to do nothing else. Fathers were induced to 
bring up their sons at the same bench with themselves, 
and initiate them in the dexterity wliioh they had acquired 
by experience; and at Solio it was not unusual for the 
sarao precise lino of work to he followed by members of the 


* Beamish's Memoir of Sir I. M. Brunei, 79, 80. 
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same family for three generations. In this way as great 
a degree of accuracy of a mechanical kind was arrived at 
was praotioable under the oiroumstances. But notwithstand¬ 
ing all this care, accuracy of fitting could not be secured 
so long as the manufacture of steam-engines was conducted 
mainly by hand. There was usually a considerable waste 
of steam, which the expedients of chewed paper and greased 
hat packed outside the piston were insufficient to remedy, 
and it was not until the invention of automatic machine- 
tools by the mechanical engineers about to be mentioned, 
that the manufacture of the steam-engine became a matter 
of comparative ease and oertainty. Watt was compelled to 
rest satisfied with imperfect results, arising from imperfect 
workmanship. Thus, -writing to Dr. Small respecting a 
cylinder 18 inches in diameter, ho said, “at the worst 
placo the long diameter exceeded the short by only three- 
eighths of an inoh.” How different from tho state of things 
at this day, when a cylinder five feet wide will be rejected 
as a piece of imperfect workmanship if it bo found to vary 
in any part more than the 80th part of an inch in diameter! 

Not fifty years since it was a matter of the utmost diffi¬ 
culty to set an engine to work, and sometimes of equal diffi¬ 
culty to keep it going. Though fitted by competent work¬ 
men, it often would not go at all. Then the foreman of 
the factory at which it was made was sent for, and ho 
would almost live beside the engine for a month or more; 
and after easing her hero and sorewing her up there, put¬ 
ting in a now part and altering an old one, packing the 
piston and tightening the valves, the machine wonld at 
length be got to work.* Now the case is altogether dif- 


* There n the tame clumsiness to 
ell kinda of mill-work before the in¬ 
troduction of machine-tools. We have 
lieaiil of a pieco of machinery of the old 
eohool, the wheels of which, when set 
to work, made such a clatter that the 
owner feared the engine would fall to 


pieces. The foreman who set it agoing, 
after working at it until he was almost 
in despair, at last gave it up, saying, 
" I think we had better leave the coga 
to settle their differences with one an¬ 
other: they will grind themselves right 
in time 1" 
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ferent. The perfection of modern machine-tools is snob 
that the utmost possible precision is secured, and the me¬ 
chanical engineer can calculate on a degree of exactitude 
that does not admit of a deviation beyond the thousandth 
part of an inoh. When the powerful oscillating engines 
of the ‘ Warrior 5 woro put on board that ship, the parts, 
consisting of some fivo thousand sepamto pieces, were 
brought from the different workshops of the Messrs. Penn and 
Sons, where they had been made by workmen who knew 
not tlie places they were to occupy, and fitted together 
with such precision that so soon as the steam was raised 
and lot into the cylinders, the immense machine began as 
if to breathe and niovo like a living creature, Btretcliing 
its huge arms like a new-born giant, and then, after prac¬ 
tising its strength a little and proviug its soundness in 
body and limb, it started off with the power of above a 
thousand horses to try its strength in breasting the billows 
of the North Sea. 

Such are among the triumphs of modern mechanical en¬ 
gineering, due in a great measure to tho perfection of tho tools 
liy means of which all works in metal are now fashioned. 
These tools aro themselves among tho most striking 
results of the mechanical invention of tho day. They 
aro automata of the most perfect kind, rondoring the engine 
and machine-maker in a groat measure independent of in¬ 
ferior workmon. Por the maohine tools have no unsteady 
hand, are not careless nor clumsy, do not work by mlo of 
thumb, and cannot make mistakes. They will repeat their 
operations a thousand times without tiring, or varying ono 
hair’s breadth in their action; and -will turn out, without 
oomplainiug, any quantity of work, all of like accuraoy and 
finish. Exercising as they do so remarkable an inBuence 
on the development of modem industry, we now propose, 
so far as tho materials at our disposal will admit, to givo 
on account of their principal inventors, beginning with the 
school of Bramah. 
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CHAPTER XL 
Joseph Bhamah. 


“ The great Inventor id one who has walked forth upon tie industrial 
world, not from universities, but from hovels; not as clad in silks and 
decked with honours, but as dad in fiistlan aud grimed with Boot and 
oil.”—I saac Tavi.ob, Ultimate Civilization. 


The inventive faculty is so strong in some men that it may 
bo said to amount to a passion, and cannot be restrained. 
The saying that tho poet is bom, not made, applies with 
equal force to tho inventor, who, though indobted like the 
other to culture and improved opportunities, nevertheless 
invents and goes on inventing mainly to gratify his own 
instinct. The inventor, however, is not a creator like tho 
poet, but chiefly a finder-out. His power consists in a 
great measure in quick perception and accurate observation, 
and in seeing and foreseeing the effects of certain mechani¬ 
cal combinations. He must possess the gift of insight, as 
well as of manual dexterity, combined with the indispens¬ 
able qualities of patience and perseverance,—for though 
baffled, as ho often is, ho must bo ready to rise up again 
unconquered even in the moment of defeat. This is the 
stuff of which the greatest inventors have been made. The 
subject of the following memoir may not be entitled to 
take rank as a first-class inventor, though he was a most 
prolific one; but, as tho founder of a school from which 
proceeded some of the most distinguished mechanics of our 
time, he is entitled to a prominent place in this series of 
memoirs. 

Joseph Bramah was bom in. 1748 at the village of Stain. 
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borough, near Barnsley in Yorkshire, where his father rented 
a small farm under Lord Strafford. Joseph was the eldest 
of five children, and was early destined to follow the 
plough. After roeeiving a small amount of education at 
the village school, he was set to work upon the farm. 
From an early period he showed signs of constructive 
skill. When a more hoy, ho occupied his leisure hours in 
making musical instruments, and ho succeeded in executing 
some creditable piecos of work with very imperfeot tools. 
A violin, which he made out of a solid block of Wood, was 
long preserved as a ouriosity. lie was so fortunate as to 
make a friend of the villago blacksmith, whose smithy 
he was in the practieo of frequenting. The smith was uu 
ingenious workman, and, having taken a liking for the 
hoy, lie made sundry tools for him out of old files and 
razor blades; and with theBo his fiddle and other pieces of 
work wore mainly executed. 

Joseph might have remained a ploughman for lifo, hut 
for an accident which happened to his right ankle at the 
age of 16, which unfitted him for farm-work. While con¬ 
fined at homo disabled, ho spent his time in carving and 
making things in wood; and then it occurred to him that, 
though he could not now bo a ploughman, he might ho a 
mechanic. When sufficiently recovered, ho was accord¬ 
ingly put apprentice to one Allott, the villago carpenter, 
under whom he soon heoamo an expert workman. He could 
make ploughs, window-frames, or fiddles, with equal dex¬ 
terity. He also made violonoellos, and was so fortunato as 
to sell one of his making for three guineas, whioh is still 
reckoned a good instrument. He doubtless felt within him 
the promptings of ambition, suoh as every good workman 
feels, and at all events entertained the desire of rising in 
his trade. When his time was out, he accordingly resolved 
to seek work in London, whither he made the journey on 
foot. He soon found work at a oabinet-maher’B, and re¬ 
mained with him for some time, after which he set up 
business in a very small way cn his own account. An 



Ciur. xr. 


CABINET-HaKEE IN LONDON. 


185 


accident which happened to him. in the course of his daily 
work, again proved his helper, by affording him a degree of 
leisure which he at once proceeded to turn to some useful 
account. Part of his business consisted in putting up 
water-olosets, after a method invented or improved by a 
Mr. Allen -, but the article was still very imperfect; and 
Bramah had long resolved that if he oould only' secure 
some leisure for the purpose, ho would contrive some¬ 
thing that should supersede it altogether. A severe fall 
which occurred to him in the course of his business, and 
laid him up, though very much against his will, now af¬ 
forded him the leisure which he desired, and he proceeded 
to make his proposed invention. He took out a patent for 
it. in 1778, describing himself in the specification as “ of 
Gross Court, Carnaby Market [Golden Square], Middlesex, 
Cabinet Maker.” He afterwards removed to a shop in 
Denmark Slroet, St. Giles’s, and while there he made a fur¬ 
ther improvement in his invention by the addition of a 
wator cock, which he patentod in 1783. The merits of the 
machine were generally recognised, and before long it came 
into extensive nse, continuing to bo employed, with but 
few alterations, until the present day. His circumstances 
improving with the increased use of his invention, Bramah 
proceeded to undertake the manufacture of tho pumps, 
pipes, &c., required for its construction; and, remembering 
his friend tho Yorkshire blacksmith, who had made bis 
first tools for him out of tho old files and razor-blades, he 
sent for him to London to take charge of Ms blacksmith’s 
department, in wMch he proved a most useful assistant. 
As usual, the patent was attacked by pirates so soon as it 
became productive, and Bramab was under tbe necessity, 
on more than one occasion, of defending his property in the 
invention, in which he was completely successful. 

We noxt find Bramah turning his attention to the inven¬ 
tion of a look that should surpass all others then known. 
The looks then in use were of a very imperfeot character, 
easily picked by dexterous thieves, against whom they' of- 
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forded little protection. Yet IooIcb ore a very ancient inven 
tion, though, as in many other cases, the art of making them 
scorns in a great measure to have bocomo lost, and accord¬ 
ingly had to be found out anew. Thus the tumbler lock—. 
which consists in the use of moveable impediments acted on 
by the proper key only, as contradistinguished from the ord i- 
nary ward locks, where tho impediments are fixed—appears 
to have been well known to the anoieut Egyptians, tlio 
representation of such a look being found soulptnred among 
tho bas-i'oliofs vvhioh decorate tho great temple at Kara ale. 
This kind of look was revived, or at least greatly improved, 
by a Mr. Barron in 1774, and it was shortly after this timo 
that Bramah directed his attention to the subject. Aftor 
much study and many experiments, he contrived a lock 
more simple, more serviceable, as well as more secure, than 
Barron’s, as is proved by the fact that it has sLood the test 
of nearly eighty years’ experience,* and still holds its 
ground. For a long time, indeed, Bramah’s lock was 
regarded as absolutely inviolable, and it remained unpicked 
for sixty-seven years, until Hobbs the American mastered 
it in 1851. A notico had long been oxliibited in Bramah’s 
Bhop-window in Piocadilly, offering 2001. to any one who 
Bhould succeed in pioking the patont lock. Many tried, 
and all failed, until Hobbs succeeded, aftor sixteen days’ 
manipulation of it with various elaborate instruments. 


* The lock Invented by Bramah was 
patented in 1784. Mr. Bramah him¬ 
self fully set forth the specific merits 
of the invention in his Dissertation on 
tie Construction of Looks. In a 
second patent, taken out by him in 
1798, he amended his first with tho 
object of preventing the counterfeiting 
of keys, and suspending the office of 
tho lock until the key was again la 
the possession of the owner. This ho 
effected by enabling the owner so to 
alter the sliders ns to render the leek 
inaccessible to such key if applied by 
any other person hut liimself, or until 


the sliders had been renrraiiged so as 
to admit of its proper actlou. Wo may 
mention in passing that the security 
of Bramnh’s looks depends on the doc¬ 
trine of combinations, or multiplica¬ 
tion of numbers into each other, which 
is known to increase in the most rapid 
proportion. Tlius, a lock of five slides 
admits of 3,000 variations, while one 
of eight will hovono less than 1,935,300 
chnnges j in other words, that manlier 
of attempts at making a key, or at 
picking it, may be made before it can 
be opened. 
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But the difficulty witl. which the lock was piokecl showed 
that, for all ordinary purposes, it might bo pronounced 
impregnable. 

The new locks were machines of the most delicate kind, 
the action of which depended in a ■ great measure upon the 
precision with which the springs, sliders, levers, barrels, 
and other parts were finished. The merits of the in¬ 
vention being generally admitted, there was a consider¬ 
able demand for the looks, and tho necessity thus arose 
for inventing a 6orics of original machine-tools to enablo 
them to be manufactured in sufficient quantities to meet 
the demand. V is probable, indeed, that, hut for tho con¬ 
trivance of suoh tools, the look could never have come into 
general use, as the skill of hand-workmen, no matter how 
experienced, conld not havo been relied npon for turning 
ont the article with that degree of accuracy and finish in 
all the parts which was indispensable for its proper action. 
In conducting the manufacture throughout, Bramah was 
greatly assisted by Henry Maudslay, bis foreman, to whom 
he was in no small degree indebted for the contrivance 
of those tool-machines which enabled him to carry on the 
business of lock-making with advantage and profit. 

Bramah’s indefatigable spirit of invention was only 
stimulated to fresh efforts by the success of his lock; and 
in the course of a few years we find him entering upon a 
more important and original line of action than he had 
yet ventured on. His patent of 1785 shows the direction 
of his studies. Watt had invented his steam-engine, which 
was coming into general use ; and the creation of motive- 
power in various other forms became a favourite subject 
of inquiry with inventors. Bramah’s first invention with 
this objootwas his Hydrostatic Machine, founded on the 
doctrine of the equilibrium of pressure in fluids, oa ex¬ 
hibited in the well known * hydrostatic paradox.’ In his 
patent of 1785, in which he do longer describes himself as 
< Cabinet maker,’ hut ‘ Engine maker ’ of Piccadilly, he 
indicated many inventions, though none of them came into 
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practical Use, —such as a Hydrostatioal Maolnnc and Boner 
and the application of the power produced by them to the 
drawing of carriages, and tho propelling of Bhips by a 
paddle-wheel fixed in the stem of the vessel, of which 
drawings are annexed to tho specification ; but it was not 
until 1795 that ho patented his Hydrostatic or Jlydraulio 
Press. 

Though the principle on which the Hydraulic Press is 
founded had long been known, and formed tbo subject of 
much curious speculation, it remained unproductive of 
results until a comparatively recent period, when the idea 
occurred of applying it to mechanical purposos. A machine 
of tho kind was indeed proposed by Pascal, the eminent, 
philosopher, in 1064, but more than a century elapsed 
Lofore the difficulties in the way of its construction were 
satisfaotorily overcome. Bramah’s machine consists of a 
large and massive cylinder, in which there works an aocu- 
ratoly-fi tted solid piston or plunger. A forcing-pump of very 
small bore communicates with the bottom of the cylinder, 
and by the action of the pump-handle or lever, exceeding 
small quantities of water are forced in succession beneath 
the piston in the large cylinder, thus gradually raising it 
up, and compressing bodies whose bulk or volume it is 
intended to reduce. Hence it is most commonly used as a 
packing-press, being superior to every other contrivance 
of tho kind that has yet boon invented; and though exor¬ 
cising a prodigious force, it is so easily managod that a boy 
can work it. The maohiuo has been employed on many 
extraordinary occasions in preference to other methods 
of applying power. Thus Eobert Stephenson used it to 
hoist the gigantic tubes of the Britannia Bridge into their 
bed,* and Brunei to launch the Great Eastern steamship 
from her cradles. It has also been used to out bars of iron, 
to draw the piles driven in forming coffer dams, and to 


* Tlte weight raised by a single press at the Britannia Bridge was 

1144 tons, 



Chap. XI. 


HYDRAULIC! PRESS. 


189 


wrench up Irees by the roots, all of which feats it accom¬ 
plishes with comparative ease. 

The principal difficulty experienced in constructing the 
hydraulic press before the time of Bramah arose from the 
tremendous pressure exorcised by the pump, whioh forced 
the water through between the solid piston and the side of 
the cylinder in which it worked in such quantities as to 
render the press useless for practical purposes. Bramah 
himself was at first completely baffled by this difficulty. It 
will be observed that the problem was to secure a joint 
sufficiently free to let the piston slide up through it, and at 
the same time so water-tight as to withstand the internal 
force of the pump. These two conditions seemed so con¬ 
flicting that Bramah was almost at his wit’s end, and for a 
time despaired of being able to bring the machine to a 
state of practical efficiency. None but those who have 
oocupied themselves in the laborious and often profitless 
task of helping the world to new and useful machines can 
have any idea of the tantalizing anxiety which arises from 
the apparently petty stumbling-blocks which for a while 
impede tho realization of a great idea in mechanical inven¬ 
tion. Suoh was the case with the water-tight arrangement 
in the hydraulic press. In his early experiments, Bramah 
tried the expedient of the ordinary stuffing-box for the 
purpose of securing the required water-tightness. That is, 
a coil of hemp on leather washers was placed in a recess, 
so as to fit tightly round tho moving mm or piston, and it 
was further held in its place by means of a compressing 
collar forced hard down by strong screws. The defeot of 
this arrangement was, that, even supposing the packing 
could he made sufficiently tight to resist the passage of the 
water urged by the tremendous pressure from beneath, 
suoh was tho grip which the compressed material took of 
tho ram of the press, that it could not be got to return 
down after the water pressure had been removed. 

In tbis dilemma, Bramah’s ever-ready workman, Henry 
Maudslay, onme to his resoue. The happy idea occurred to 
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him. of employing tlie pressure of tlio water itself to give 
tlio requisite water-tightness to the collar. It was a flash 
of common-sense genius—beautiful through its very simpli¬ 
city. The result was Maudslay’s self-tightening collar, tlio 
action of which a few words of description will render easily 
intelligible. A collar of sound leather, the convex Bide up¬ 
wards and the concavo downwards, was fitted into tho 
recess turned out in tho nock of the press-cylinder, at the 
place formerly used as a stuffing-box. Immediately on the 
high pressure water being turned on, it forced its way into 
the leathern conoavity and 1 flapped out’ the bent edges of 
the collar; and, in so doing, oaused the leather to apply 
itself to the surfaoe of the rising ram with a degree of 
closeness and tightness so as to seal up the joint the oloser 
exactly in proportion to the -pressure of the water in its 
tendenoy to escape. On the other hand, the moment the 
pressure was let off and the ram desired to return, the 
collar collapsed and tho mm slid gently down, perfectly 
free and yet perfectly water-tight. Thus, the former tend¬ 
ency of tlio water to escape by the side of the piston was 
by this most siinplo and elogant self-adjusting contrivance 
made instrumental to the perfectly efficient action of tho 
machine; ancl from the moment of its invention tho hy- 
draulio press took its place as one of tho grandest agents 
for oxeroising power in a concentrated and tranquil form. 

Bramah continued his useful labours as au inventor for 
many years. His study of tho principles of hydraulics, in 
the oourse of his invention of tho pirns, enablod him to 
introduce many valuable improvements in pumping-ma¬ 
chinery. By varying tho form of tho piston and cylinder 
he was enabled to obtain a rotary motion,* which he 


* Dr. Thomas Young, in his article 
on Bramah in the Encyclopaditi Bri- 
tanniea, describes the “ rotative prin- 
dpla" ns consisting in making tho 
part which acts immediately on the 
water in the form of a slider, sweeping 
round a cylindrical cavity, and kept 


In its place by means of an eccentric 
groove i a contrfvanco which was pro¬ 
bably Bramah's own invention, but 
which had been before described, in 
a lonn nearly similar, by IhunelU, 
Cannlleri, Amontons, Princo Rupert, 
and Dr. Hooke. 
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advantageously applied to many purposes. Thus ho adopted 
it in the well known fire-engine, the use of whioh has 
almost become universal. Another popular maohino of Ids 
is the beer-pump, patented in 1797, by whioh the jiublican 
is enabled to raise from the casks in the cellar beneath, the 
various liquors sold by him over tho counter. He also 
took out several patents for the improvement of the steam- 
engine, in which, however, Watt left little room for other 
inventors; and hence Bramah scorns to have entertained a 
grudge against Watt, whioh broke out fiercely in the evi¬ 
dence given by him in the case of Boulton and Watt versus 
Homblower and Maberly, tried in December 1796. On 
that occasion his temper seems to have got the better of 
his judgment, and he was cut short by the judge in the 
attempt which he then made to submit the contents of tho 
pamphlet subsequently published by him in the form of a 
letter to the judge before whom tho case was tried.* In 
that pamphlet he argued that Watt’s specification had 
no definite meaning; that it was inconsistent and absurd, 
and could not possibly be understood; that the proposal to 
work steam-engines on the principle of condensation was 
entirely fallacious; that Watt’s method of packing the 
piston was “monstrous stupidity;” that the engines of 
Newcomen (since entirely superseded) were infinitely su¬ 
perior, in all respects, to those of Watt;—conclusions 
which, wo need scarcely say, have been refuted by the 
experience of nearly a century. 

On tho expiry of Boulton and Watt’s patent, Bramah 
introduced several valuable improvements in the details of 
the condensing engine, whioh had by that time become an 
established power,—the most important of which was his 
“ four-way oook," whioh ho so arranged as to revolve con¬ 
tinuously instead of alternately, thus insuring greater pre- 

* A Letter to the Eight Son. Sir blower and Maberly, for Infringement 
lames Eyre, Lori Chief Jastioe of on Mr. Watt's latent for an Improve- 
the Common Pleas, on the subjeot of ment of Vie Steam Engine. By Joseph 
the cause Boulton and Wait v. Horn- Bramah, Engineer. London, 1787. 
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oision with considerably less wear of parts. In the same 
patent by which ho secured this invention in 1S01, ho 
also proposed sundry improvements in the boilers, as well 
as modifications in various parts of the engino, with the 
object of effecting greater simplicity and directness of 
action. 

In his patent of 1802, wo find Bramah making another 
great stride in mechanical invention, in his tools “ for pro¬ 
ducing straight, smooth, and parallel surfaces on wood and 
other materials requiring truth, in a manner much moro 
expeditious and perfect than can bo performed by tho uso 
of axes, saws, planes, and other cutting instruments used 
by hand in the ordinary way.” The specification describes 
tlie objoot of tho invention to bo the saving of manual 
labour, tho reduction in the cost of production, and tho 
superior character of the work executed. The tools were 
fixed on frames driven by machinery, some moving in a 
rotary direction round an upright shaft, somo with the 
shaft horizontal like an ordinary wood-turning lathe, whilo 
in others the tools were fixed on frames sliding in sta¬ 
tionary grooves. A wood-planing machine' 11 was con¬ 
structed on tho principle of this invention at Woolwich 
Arsenal, where it still continues in efficient use. Tho axis 
of the principal Bhaft was supported on a piston in a vessel 
of oil, which considerably diminished tho friction, and it 
was so contrived as to bo accurately regulated by means of 
a small forcing-pump. Although tho machinery dosorihod 
in the patent was first applied to working on wood, it was 
equally applicable to working on metals; and in his own 
shops at Pimlico Bramah employed a machine with revolving 
cutters to plane metallio surfaces for his patent locks and 
other articles. He also introduced a method of turning 
spherical surfaces, either convex or concave, by a tool 


* Sir Samuel Ecnthnm and Haro 
Isarnbard Brunei subsequently distin¬ 
guished themselves by the invention of 
weed-working machinei y, Full accounts 


of which will bo found in tho Memoirs 
of tbs former by Lady Bentham, and 
in the Life of the latter by Mr 
Beamish. 
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moveable on an axis perpendicular to that of the lathe; 
and of cutting out concentric shells by fixing in a similar 
manner a curved tool of nearly the same form as that em¬ 
ployed by common turners for making bowls. “ In fact,” 
says Mr. Mallet, “ Bramah not only anticipated, but carried 
out upon a tolerably largo scale in his own works—for tho 
construction of the patent hydraulic press, the water-closet, 
and his locks—a surprisingly large proportion of our mo¬ 
dern tools.”* His remarkable predilection in favour of 
the nso of hydraulic arrangements is displayed in his spe¬ 
cification of tho surface-planing machinery, which includes a 
method of running pi vots entirely on a fluid, and raising and 
depressing them at pleasure by means of asmall forcing-pump 
and stop-coolc,—-though wo are not aware that any practical 
use has ever been made of this part of the invention. 

Bramah’s inventive genius displayed itself alike in small 
things as in great—in a tap wherewith to draw a glass of 
beer, and in a hydraulic machine capable of tearing np a 
tree by the roots. His powers of contrivance seemed inex¬ 
haustible, and were exercised on the most various subjects. 
"When any difficulty occurred which mechanical ingenuity 
was calculated to remove, recourse was usually had to 
Bramah, and he was rarely found at a loss for a contrivance 
to overoome it. Thus, when applied to by the Bank of 
England in 1806, to construct a machine for more accu¬ 
rately and expeditiously printing the numbers and date 
lines on Bank notes, he at once proceeded to invent tho 
requisite model, which ho completed in the course of a 
month. ITo subsequently brought it to great perfection— 
the figures in numerical succession being changed by the 
action of tho machine itself,—and it still continues in re¬ 
gular use. Its employment in the Bank of England alone 
saved the labour of a hundred clerics; but its chief value 
oonsisted in its greater accuraoy, the perfect legibility of 


* “Record if the Intel-national Exhibition, 1862." Practical Mechanic’t 
Journal, M3, 


0 
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the figures printed by it, and tlie greatly improved check 
which it affordod. 

Wo next find him occupying himself with inventions 
oonneoted with the manufacture of pens and paper. His 
little pen-making machine for readily making quill pens 
long oontinued in use, until driven out by the invention 
of the steel pen; but his patent for making paper by ma¬ 
chinery, though ingenious, like everything he did, does not 
seem to havo been adopted, the inventions of Fourdrinior 
and Donkin in this direction having shortly superseded 
all others. Among his other minor inventions may be 
mentioned his improved method of constructing and sledg¬ 
ing carriage-wheels, and his improved method of laying 
water-pipes. In his specification of the last-mentioned in¬ 
vention, he included the application of water-power to the 
driving of maohinery of every description, and for hoisting 
and lowering goods in docks and warehouses,—since car¬ 
ried out in praotioe, though in a different manner, by Sir 
William Armstrong.* In this, as in many other matters, 


* In this, asm other methods of cm- 
ploying power, tha moderns had been 
anticipated by the ancients; aud though 
hydraulio machinery is a comparatively 
recent invention in England, it had 
long been in use abroad. Thus we 
find in Dr. Bright’s Truvcla in hover 
Hungary a full description of the 
owerful hydraulic machinery invented 
y 11. H6U, Chief Engineer of tire 
Impcrinl Mines, which had been in 
use since the year' 1749, in pumping 
water fkom a depth of 1800 feet, from 
the silver and gold mines of Schem- 
tutz and Kremnitz, A head of water 
was collected by forming a reservoir 
along the mountain side, from which 
it wns conducted through water-tight 
cast-iron pipes erected perpendicularly 
in the mine-shaft. About forty-five 
fathoms down, the water descending 
through the pipe was forced by the 
weight of the column above it into the 


bottom of a perpendicular cylinder-, in 
which it raised n water-tight pleton. 
When forced up to a given point a 
self-acting stop-cock shut off the pres¬ 
sure of lha descending column, while 
n self-acting valve enabled the water 
contained in tho cylinder to bo dis¬ 
charged, on which the piston again 
descended, and the process was repented 
liko the successive strokes of a steam- 
engine. Pump-rods were attached to 
tliis hydraulio apparatus, which were 
curried to tho bottom of the shaft, and 
each worked a pump at different levels, 
raising tha water stage by stage to 
the level of the main adit. Tire pumps 
of these three several singes each raised 
1790 cubic feet of water from a depth 
of 600 feet in tho hour. The regular 
working of the mnehinery was aided 
by tho employment of a balance-beam 
connected by a chain with the head of 
the large piston and pump-reds; and 
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Bramah, shot ahead of the mechanical necessities of his 
timo; and hence many of his patents (of which he held at 
one time more than twenty) proved altogether profitless. 
His last patent, taken out in 1814, was for the application 
of Homan cement to timber for the purpose of preventing 
dry rot. 

Besides his various mechanical pursuits, Bramah also 
followed to a certain extent tho profession of a civil en¬ 
gineer, though his more urgent engagements rendered it 
nccossary for him to refuse many advantageous offers of 
employment in this line. He was, however, led to carry 
out the new water-works at Norwich, between the years 
1790 and 1793, in consequence of his having been called 
upon to give evidence in a dispute between the corporation 
of that city and the lessees, in the course of whioh ho pro¬ 
pounded plans which, it was alleged, could not he carried 
out. To prove that they oould be carried out, and that his 
evidence was correct, ho undertook the new works, and 
executed them with complete success; besides demonstrat¬ 
ing in. a spirited publication elicited by the controversy, 
the insufficiency and incongruity of the plans which had 
beon submitted by the rival engineer. 

For some time prior to his death Bramah had been em¬ 
ployed in the erection of several large machines in his 
works at Pimlico for sawing stones and timber, to which 
ho applied his hydraulio power with great success. New 
methods of building bridges and canal-locks, with a variety 
of other matters, were in an embryo state in his mind, but 
he did not live to oomplete them. He was occupied in 


the whole of these powerful machines— 
by means of three of which ns much 
as 789,840 gallons of water wore 
pumped out of the mines every 24 
hoars—were set in operation and regu¬ 
lated merely by the turning of n stop¬ 
cock. It vrill be observed that the 
arrangement thus briefly described 
, was equally applicable to tho working 


of machinery of nil kinds, cranes, &o . 
ns well ns pumps; and it will be 
noted that, notwitiistanding the In¬ 
genuity of Bramah, Armstrong, and 
other eminent English mechanics, the 
Austrian engineer IIoll was thus de¬ 
cidedly beforehand with them in the 
practical application of the principles 
of hydrostatics. 

o a 
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superin tending tho action of his hydrostatic press at Holt 
I’orest, in Hants—whero upwards of 300 trees of the largest 
dimensions were in a very short time tom up by the roots,— 
when ho caught a severe cold, which settled upon his 
lungs, and his life was suddenly brought to a close on tho 
9th of December, 1814, in his G6th year. 

His friend. Dr. Cullen Brown,* has Baid of him, that 
Bramah was a man of excellent moral character, temperate 
in his habits, of a pious turn of mind,f and so ohooiful in 
temperament, that ho was tho life of every company into 
which he ontered. To much facility of expression he 


* Dr. Brown published a brief me¬ 
moir of his friend in the Nino iMonthly 
Magazine for April, 1815, which lias 
been the foundation of nil tho notices 
of Bramali'B life that hare heretofore 
nppeuved. 

t Notwithstanding Ids well-known 
religious character, Bramah seems to 
have fallen under the grievoua dis¬ 
pleasure of William Hnntlngton, RS. 
(Sinner Saved), described by Macaulay 
ill his youth as “ a worthless ugly lid 
of the name of Hunter," and in his 
manhood ns “ that remarkable im¬ 
postor” (Essays, 1 vol. ed. 529). It 
seems that Huntington sought the pi o- 
fessionnl services of Brnmnh when re- 
edifying his chapel in 1793 ; and at tho 
conclusion of tho work, the engineer 
generously sent the preauher a cheque 
for 81. towards defraying the necessary 
expenses. Whether the sum was less 
than Huntington expected, or fiom 
whatever cause, the S. S. contemptu¬ 
ously flung hack the gift, ns proceeding 
from an Arian whose religion was “un¬ 
savoury,” at the same time hurling at 
tiie giver a number of texts convey¬ 
ing epithets of nn offensive character. 
Bramah replied to tho farrago of non¬ 
sense, which he characterised as “ un¬ 
mannerly, absurd, and illiterate"— 
that it must have been composed when 
the writer was “ intoxicated, mad, or 
under the influence of Lucifer,” and ho 


threatened that unless Huntington 
apologised for his gratuitous insults, 
lie (Bramah) would assuredly expose 
him. The mechanician nevertheless 
proceeded gravely to cxplnin and de¬ 
fend his “ profession of faith,” which 
was altogether unnecessary. On this 
Huntington leturned to the charge, 
and diiectcd against tho mechanic n 
fresh volley of Scripture texts nnd 
phraseology, not without humonr, it 
pi ofauity he allowable in controversy, 
as where ho says, “ Poor man 1 he 
makes a good patent lock, but cuts a 
sad figure with the keys of tho Kingdom 
of Heaven 1” “ What Mr. Bramah 
is,” says S. 8., “ in respect to his cha¬ 
racter or conduct ill life, as a man, a 
tradesman, a neighbour, u gentleman, 
a husband, friend, master, or subject, 1 
know not, In all these characters he 
may shino os a comet for aught I 
know j but he appears to mo to he as 
for from any resemblance to a poor 
penitent or broken-hearted sinner at 
Jnunea, Jnmbres, or Alexander the 
coppersmith I” Bramah rejoined by 
threatening to publish his assailant’s 
ilcttcis, hut Huntington anticipated 
him in A Feeble Dispute with a Wise 
and Learned Mm, 8vo, London, 
1793, in which, whotber justly or 
not, Huntington makes Bramah ap¬ 
pear to murder the king’s English in 
the most hni barous manner. 
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added the most peifect independence of opinion; lie was a 
benevolent and affectionate man; neat and methodical in 
liis habits, and knew well how to temper liberality with 
economy. Greatly to his honour, he often kept his work¬ 
men employed, solely for their sake, when stagnation of 
trade prevented him disposing of the products of their 
labour. As a manufacturer he was distinguished for his 
promptitude and probity, and he was celebrated for the 
exquisite finish which he gave to all his productions. In 
this excellence of workmanship, which he was Ihe first to 
introduce, he continued while he lived to be unrivalled. 

Bramah was deservedly honoured and admired as tho 
first mechanical genius of his time, and as the founder of 
the art of tool-making in its highest branches. From his 
shops at Pimlico came Henry Maudslay, Joseph Clement, 
and many more' first-class mechanics, who carried the me¬ 
chanical arts to still higher perfection, and gavo an impulse 
to mechanical engineering, the effects of which are still 
felt in every branch of industry. 

Tho paiish to which Bramah belonged was naturally 
proud of tho distinction he had achieved in tho world, and 
commemorated his life and career by a marble tablet 
erocted by subscription to his memory, in the parish church 
of Silkstone. In the churchyard are found the tombstones 
of Joseph’s father, brother, and otlior members of the 
family; and we are informed that their descendants still 
occupy tho farm at Stainbr/ough on which the great me¬ 
chanician was bom. 
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CHAPTER XTT. 
Henhy Maudslay. 


“The successful construction of all machinery depends on the per. 
faction of the tools employed; and whoever is a master in the arts of tool* 

making possesses the key to the construction of nil machines.The 

contrivance and construction of tools must therefore ever stand at the head 
of the industrial arts.”—0. Babhaqe, Exposition of 1851. 


Henry Maudslay was bom at Woolwich towards the end 
of last oentury, in a house standing in the oourt at the bad? 
of the Salutation Inn, tho entrance to which is noarly 
opposite tho Arsenal gates. HiB father was a native of 
Lancashire, descended from an old family of the same name, 
tho head of which resided at Mawdsley Hall near Ormskirk 
at tho beginning of the seventeenth century. The family 
were aftorwards soattored, and several of its members 
became workmen. William Maudslay, the father of Henry, 
belonged to the neighbourhood of Bolton, where ho was 
brought up to the trade of a joiner. His principal employ¬ 
ment, while working at his trade in Lancashire, consisted 
in making the wood framing of cotton machinery, in the 
construction of which cast-iron had not yet been introduced. 
Having got into some trouble in his neighbourhood, 
through some alleged liaison, William enlisted in the Royal 
Artillery, and the corps to which ho belonged was shortly 
after sent out to the West Indies. He was several times 
engaged in battle, and in bis last notion he was hit by a 
musket-bullet in the throat. The soldier’s stook which ho 
wore had a pieoe out out of it by the ball, the direction of 
which was diverted, and though severely wounded, his lifo 
was saved, Hebrought homo the stook and preserved it as a 
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l-elio, afterwards leaving it to his son. Long after, the son 
would point to the stook, hung up against his wall, and say 
“ But for that hit of leather there would have been no Henry 
Maudslay,” The wounded artilleryman was invalided and 
sent home to Woolwich, the headquarters of Mb corps, 
where he was shortly after discharged. Being a handy 
workman, he sought and obtained employment at the 
Arsenal. He was afterwards appointed a storekeeper in 
the Dookyard. It was during the former stage of William 
Maudslay’s employment at Woolwich, that the subject of 
this memoir was bom in the house in the court above 
mentioned, on the 22nd of August, 1771. 

1 The boy was early set to work. When twelve years old 
lie was employed as a “ powder-monkey,” in making and 
filling cartridges. After two years, ho was passed on tc 
the carpenter’s shop where his fatheT worked, and there 
ho became acquainted with tools and the art of working 
in wood and iron. From the first, the latter seems to have 
had by far the greatest charms for Mm. The blacksmiths’ 
shop was close to the carpenters’, and Harry seized every 
opportunity that offered of plying the hammer, the file, and 
the cMsel, in preference to the saw and the plane. Many 
a cuff did tho foreman of carpenters give Mm for absenting 
himself from Ms proper shop and stealing off to tho smithy. 
His propensity was indeed so strong that, at the end of a 
year, it was thought better, as he was a handy, clever hoy, 
to yield to Ms earnest desire to be placed in the smithy, 
and he was removed thither accordingly in his fifteenth 
year. 

His heart being now in Ms work, he made rapid progress, 
and soon became an expert smith and metal worker. Ho 
displayed Ms skill especially in forging light ironwork; and 
a favourite job of Ms was the making of “ Trivets ” out 
of the solid, wMch only the “ dab hands” of the shop could 
do, hut which he threw off with great rapidity in first rate, 
style. These “ Trivets ” were made out of Spanish iron 
bolts—rare stuff, which, though exceedingly tough, forged 
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like wax under tho hammer. Evon at (he cloao of liis life, 
•when ho had acquired eminent distinction as an inventoi’, 
and was a large employer of skilled labour, ho looked back 
with pride to tho forging of his oarly days in Woolwich 
Ai'senal. lie nsod to describe with much gnslo. how the 
old experienced hands, with, whom he was a great favourite, 
would crowd about him when forging his “ Trivets,” some 
of which may to this day ho in use among Woolwich 
housewives for supporting tho toast-plate before tho bright 
fire against tea time. This was, however, entirely con¬ 
traband work, done “on tho sly,” and strictly prohibited 
by the superintending officer, who used kindly to signal 
his approach by blowing his noso in a peculiar manner, 
so that all forbidden jobs might bo put out of (he way by 
the time he entered the shop. 

We have referred to Maudslay’B early dexterity in trivet- 
making—a circumstance trifling enough in itself—for the 
propose of illustrating tho progress wliioh he had mado in 
a branch of his art of tho greatest importance in tool and 
machine making. Nothing pleased him more in his after 
life than to be set 1o work upon an unusual piece of forging, 
and to overcome, as none could do so cleverly as he, the 
difficulties which it presented. Tho prido of art was as 
strong in him as it must have been in tlie mediaeval smiths, 
who turned out those beautiful pioces of workmanship, still 
regarded as the pride of our cathedrals and old mansions. 
In Maudslay's case, his dexterity as a Binith was even¬ 
tually directed to machinery, rather than ornamental work; 
though, had tho latter been his lino of labour, wo do not 
doubt that lie would have reached the highest distinction. 

The manual skill which our young blacksmith had 
acquired was such as to give him considerable reputation 
in Iris craft, and he was spoken of oven in tho London 
shopB as one of the most dextorous hands in tho trade. It 
was this circumstance that shortly after led to his removal 
from tho smithy in Woolwioh Arsenal to a sphere more 
suitable for the development of his mechanical ability. 



Chap. XII. 


ItlS iNTKuDOCTiOft TO UUAMaH. 


201 


We Lave already stated in the preceding memoir, that 
Joseph Bramah took out the first patent for his look in 
1784, and a second for its improvement several years later; 
hut notwithstanding the acknowledged superiority of the 
new lock over all others, Bramnh experienced the greatest 
difficulty in getting it manufactured with sufficient pre¬ 
cision, and at such a price as to render it an article of 
extensive commerce. This arose from the generally in 
feiior character of the workmanship of that day, as well us 
the clumsiness and uncertainty of the tools then in use. 
Bramah found that even the best manual dexterity was 
not to ho trusted, and yet it seemed to be Iris only re¬ 
source ; for machine-tools of a superior kind had not yet 
been invented. In this dilemma he determined to con¬ 
sult. an ingenious old German artisan, then working with 
William Moodie, a general blacksmith in Whitechapel. 
This German was reckoned one of the most ingenious 
workmen in London at the time. Bramah had several 
long interviews with him, with the object of endeavour¬ 
ing to solve the difficult problem of how to secure precise 
workmanship in lock-making. But they could not solve 
it; they saw that without better tools the difficulty was 
insuperable; and then Bramah began to fear that his lock 
would remain a more mechanical curiosity, and be pre¬ 
vented from coming into general use. 

He was indeed sorely puzzled what next to do, when one 
of the hammermen in Moodie’s shop ventured to suggest 
that there was a young man in the Woolwich Arsenal 
smithy, named Maudslay, who was so ingenious in such 
matters that "nothing bet him,” and he recommended 
that Mx. Bramah should havo a talk with him upon the 
subject of his difficulty. Maudslay was at onoe sent for to 
Bramah’s workshop, and appeared before the lock-maker, a 
tall, strong, comely young fellow, then only eighteen years 
old. Bramah was almost ashamed to lay his case before 
such a mere youth; but necessity constrained him to try 
all methods of accomplishing his object, and MaudBlay’fl 
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suggestions in reply to his statement of the case were s© 
modest, so sensible, and as the result proved, so praotical, 
that the master was constrained to admit that the lad before 
him had an old head though set on young shouldors. 
Bramah decided to adopt the youth’s suggestions, made 
him a present on the spot, and offered to give him a job if he 
was willing to come and work in a town shop. Maudslay 
gladly aooepted the offor, and in due time appeared bofore 
Bramah to enter upon his duties. 

As Maudslay had served no regular apprenticeship, and 
was of a very youthful appearance, the foreman of the shop 
had considerable doubts as to his ability to take rank along¬ 
side his experienced hands. But Maudslay soon set his 
master’s and the foreman’s mind at rest. Pointing to a worn- 
out vice-bench, he said to Bramah, “ Perhaps if I can mako 
that as good as new by six o’cloolt to-night, it will satisfy 
your foreman that I am entitled to rank as a tradesman and 
take my place among your men, oven though I have not 
served a seven years’ apprenticeship.” There was so much 
self-reliant ability in tho proposal, which was moreover so 
reasonable, that it was at once acceded to. Off went 
Maudslay’s coat, up went his shirt sleeves, and to work 
he set with a will upon tho old bonch. The vice-jaws 
were re-steeled “ in no time;” filed up, re-out, all the parts 
cleaned and made trim, and set into form again. By six 
o’olock, the old vice was screwed up to its plaoe, its jaws 
were hardened and “lot down” to proper temper, and 
the old bench was made to look so smart and noat that 
it threw all the neighbouring benches into the shade I 
Bramah and his foreman came round to see it, while the 
men of the shop looked admiringly on. It was examined 
and pronounced “ a first-rate job.” This diploma piece of 
work secured Maudslay’s footing, and next Monday morn¬ 
ing he oamo on as one of tho regular hands. 

He soon took rank in the shop as a first-class workman. 
-Loving his art, he aimed at excellence in it, and succeeded. 
For it must , 'e understood that the handicraftsman whose 
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heart is in his calling, feols as much honest piide in turn¬ 
ing out a piece of thoroughly good workmanship, as the 
sculptor or the painter does in executing a statue or a 
picture. In course of time, tho most difficult and delicate 
jobs came to bo entrusted to Maudslay; and nothing gave 
him greater pleasure than to be set to work upon an en¬ 
tirely now pieco of machinery. And thus he rose, naturally 
and steadily, from hand to head work. For his manual 
dexterity was the least of his gifts. He possessed an in¬ 
tuitive power of mechanical analysis and synthesis. He 
had a quick eye to perceive the arrangements requisite tc 
offeot given purposes; and whenever a difficulty arose, his 
inventive mind set to work to overcome it. 

His fellow-workmen were not slow to recognise his many 
admirable qualities, of band, mind, and heart; and ho be¬ 
came not only the favourite, hut the hero of the shop. 
Perhaps he owed something to his fine personal appearance. 
Hence on gala-dayB, when the men turned out in proces¬ 
sion, “ Harry ” was usually selected to marok at their head 
and carry the flag. His conduot as a son, also, was as 
admirable as his qualities os a workman. His father dying 
shortly after Maudslay entered Bramah’s concern, lie was 
accustomed to walk down to Woolwich every Saturday 
night, and hand over to his mother, for whom he had the 
tenderest. regard, a considerable share of his-week’s wages, 
and this he continued to do as long as she lived. 

Notwithstanding his youth, he was raised from one post 
to another, until lie was appointed, by unanimous consent, 
tlie head foreman of the works ; and was recognised by all 
who had occasion to do business there as “ Bramah’s right- 
hand man.” Ho not only won the heart of his master, 
hut—what proved of far greater importance to him—he also 
won the heart of his master’s pretty housemaid, Sarah Tindel 
by name, whom he married, and she went hand-in-hand 
with him through life, an admirable “ help meet,” in every 
way worthy of the noble character of the great mechanic. 

Maudslay was found especially useful by his master i< 
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devising the tools for making liis patent locks ; and many 
were the beautiful contrivances which he invented for the 
purpose of ensuring their more accurate and speedy manu¬ 
facture, with a minimum degree of labour, and without the 
neod of any large amount, of manual dexterity on the 
part of tho workman. The look was so delicato a maohine, 
that the identity of the several parts of which it was com¬ 
posed was found to ho an absolute necessity. Mere handi¬ 
craft, however skilled, could not secure the requisite pre¬ 
cision of workmanship; nor could the parts ho turned out 
in sufficient quantity to moot any largo demand. It was 
therefore requisite to devise machine-tools which should 
not blunder, nor turn out imperfect work;—maohincs, in 
short, which should he in a great measuro independent 
of the want of dexterity of individual workmen, but which 
should unerringly labour in their prescribed track, and do 
the work set them, oven in tho minutest details, after the 
methods designed by their inventor. In this department 
Maudslay was eminently successful, and to his laborious 
ingenuity, as first displayed in Bramah’s workshops, and 
afterwards in his own establishment, wo unquestionably 
owe much of the powor and, accuracy of our present solf- 
acting machines. 

Bramah himself was not backward in admitting that to 
Henry Mandslay’s praotioal skill in contriving the machines 
for manufacturing his locks on a large scale, tho success 
of his invention was in a great degree attributable. In 
further proof of his manual dexterity, it may ho mentioned 
that he constructed with his own hands tho identical pad¬ 
lock which so severely tested the powers of Mr. Hobbs in 
1861. Anil when it is considered that tho look had been 
made for move than half a century, and did not embody 
any of the modem improvements, it will perhaps he re¬ 
garded not only as creditable to the principles on which 
it was constructed, but to the workmanship of its maker, 
that it should so long have withstood the variotm me¬ 
chanical dexterity to which it was oxposod. 
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Besides the invention of improved machine-tools for the 
manufacture of locks, Maudslay was of further service to 
Bramah in applying the expedient to his famous Hydraulic 
Press, without which it would probably have remained 
an impracticable though a highly ingenious machine. As 
in other instances of great inventions, the praotical success 
of the whole is often found to depend upon the notion 
of some apparently trifling detail. This was especially 
the case with the hydraulic press; to which Maudslay 
added the ossential feature of tbe self-tightening collar, 
above described in the memoir of Bramah. Mr. James 
Nasmyth is our authority for ascribing this invention to 
Maudslay, who was certainly quite competent to have 
made it; and it is a matter of fact that Bramah’s specifica¬ 
tion of the press says nothing of the hollow collar,* on 
which its efficient action mainly depends. Mr. Nasmyth 
says—“ Maudslay himself told me, or led me to believe, 
that it was ho who invonted the self-tightening collar for 
the hydraulic press, without which it would nevor havo 
been a serviceable machine. As the self-tightening collar 
is to the hydraulic press, so is the steamblast to the loco¬ 
motive. It is the ono thing needful that has made it 
effective in practice. If Maudslay was the inventor of the 
collar, that ono contrivance ought to immortalize him. 
lie used to tell me of it with great gusto, and I have no 
reason to doubt the correctness of his statement.” 'Who¬ 
ever really struck out the idea of the collar, displayed the 
instinct of the time inventor, who invariably seeks to 
accomplish his object by the adoption of the simplest 
possible means. 

During tbe time that Maudslay held the important office 
of manager of Bramah’s works, his highest wages were not 

* The words Bramah uses 1 U de¬ 
scribing this part of his patent of 
1795 are these—“The piston must bs 
made perfectly watertight by leather 
or other materials, as used in pump- 


making.” He elsewhere speaks nf 
the piston-rod “ working through the 
stuffing-bor.” But in practice, as wo 
have above shown, these methods wore 
found to he altogether inefficient. 
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more than thirty shillings a-week. Ho himself thought 
that lie was worth more to his mastor—as indeed he was,— 
and ho felt somewhat mortified that he should have to 
make an application for an advance; but the increasing 
expenses of his family oompelled him in a measure to do 
so. His application was refused in suoh a manner as 
greatly to hurt his sensitive feelings; and the result was 
that he throw up his situation, and determined to begin 
working on his own aocount. 

His first start in business was in tlio year 1797, in a 
small workshop and smithy situated in Wells Street, Oxford 
Street, Jl was in an awful state of dirt and dilapidation 
when ho became its tenant. Ho entered the placo on a 
Friday, hut by the Saturday evening, %vitli the holp of his 
oxocllent wifo, he had the shop thoroughly cleaned, white¬ 
washed, and put in readiness for beginning work on the 
next Monday morning. He had then the pleasure of 
hearing the roar of his ovm forge-fire, and the cheoring 
ring of the hammer on his own anvil; and great was the 
pride ho felt in standing for the firat time within his own 
smithy and oxeenting orders for customers on his own 
aocount. His first customer was an artist, who gave him 
an order to oxccuto tho iron work of a largo easel, em¬ 
bodying some new arrangements; and the work was punc¬ 
tually done to his employer’s satisfaction. Other orders 
followed, and he soon became fully employed. His famo 
as a first-rate workman was almost as great as that of his 
former master; and many who had been accustomed to do 
business with lum at Pimlico followed him to Wells Stroot, 
Long years after, the thought of theso early days of self- 
dependence and hard work used to set him in a glow, anil 
he would dilate to his intimate friends upon his oarly 
struggles and his first successes, whioh were much more 
highly prized by him than those of Ms maturor years. 

With a true love of his oraft, Maudslay continued to 
apply himself, as be had done whilst working as Bramah’s 
foreman, to tho best methods of ensuring acouraoy and 
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finish of 'work, so as in a measure to be independent of 
the carelessness or want of dexterity of the workman. 
With this object he aimed at the contrivance of improved 
machine-tools, which should be as much self-acting and 
self-regulating as possible; and it was while pursuing 
this study that he wrought out the important mechanical 
invention with which his name is usually identified—. 
that of the Slide Eest. It continued to be his special de¬ 
light, when engaged in the execution of Rny piece of 
work in whioh he took a personal interest, to introduce 
a system of identity of parts, and to adapt for the pur¬ 
pose some one or other of the mechanical contrivances 
with which his fertile brain was always teeming. Thus it 
was from his desire to leave nothing to the chance of 
mere individual dexterity of hand that he introduced the 
slide rest in the lathe, and rendered it one of tho most 
important of maohma-tools. The first device of this kind 
was contrived by him for Bramah, in whose shops it con¬ 
tinued in practical use long after he had begun business 
for himself. “ I have seen the slide rest,” says Mr. James 
Nasmyth, “ the first that Henry Maudslay made, in use at 
Messrs. Bramah’s workshops, and in it were all those 
arrangements which are to bo found in the most modem 
slide rest of our own day,* all of which are tho legitimate 
offspring of Maudslay’s original rest. If this tool be yet 
extant, it ought to be preserved with the greatest care, 
for it was tho beginning of those mechanical triumphs 
which give to the days in which we live so much of their 
distinguishing character." 

A very few words of explanation will serve to illustrate 
the importance of Maudslay’s invention. Every person is 
familiar with tho uses of tho common turning-lathe. It is 

* In this lathe the slide rest and screw underneath. The Rest, however, 
frame were moveable along the tra- afterwards underwent many important 
versing-bar, according to the length of modifications; hot the principle of tie 
the work, and could be placed in any whole machine was there, 
position and secured by a handle and 
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o, favourite machine with amateur mechanics, and its em¬ 
ployment is indispensable for tho execution of all kinds of 
rounded work in wood and metal. Perhaps there is no 
contrivance by which tho skill of the handicraftsman has 
been more effectually aided than by this machine. Its 
origin is lost in the shades of antiquity. Its most ancient 
form was probably the potter’s wheel, from which it ad¬ 
vanced, by successive improvements, to its present highly 
improved form. It was found that, by whatever means a 
substance capable of being out could be made to revolvo 
with a oiroular motion round a fixed right line as a centre, 
a cutting tool applied to its surfaoo would remove the in¬ 
equalities so that any part of such surface should be equi¬ 
distant from that centre. Such is the fundamental idea of 
tho ordinary tuming-latho. The ingenuity and experience 
of mechanics working such an instrument enabled them to 
add many improvements to it; until the skilful artisan at 
length produced not merely cirbnlar turning of the most 
beautiful and aoourate description, but exquisite figure- 
work, and complicated geometrical designs, depending 
upon the cycloidal and eccentric movements which were 
from tiuro to time added to the machine. 

The artisans of tho Middle Ages wero very skilful in 
the use of tho lathe, and turned out much beautiful screen 
and stall work, still to bo seen in ortr cathedrals, as well 
as twisted and swash-work for the balustors of staircases 
and other ornamental purposes. English mechanics seem 
early to havo distinguished themselves as improvers of the 
lathe j and in Moxon’s ‘ Treatise bn Turning,’ published 
in. 1080, we find Mr. Thomas Oldfield, at the sign of tho 
Flower-de-Luce, near the Savoy in tho Strand, named as 
an excellent maker of oval-engines and swash-engines, 
showing that such machines wore then in some demand. 
The French writer Plumier * also mentions an ingenious 
modification of tho lathe by means of which any kind ,f 


* Pcl'MlER, L'Art He 1burner , Paris, 1754, p. 155, 
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reticulated form could be given to the work; and, from 
its being employed to ornament tbo bandies of knives, 
it was called by him the “ Machine ii manche do C'outeau 
d’Angleterre.” Hut the French artisans were at that time 
much better skilled than the English in the use of tools, 
and it is most probable that wo owe to the Flemish and 
French Protestant workmen who flocked into England in 
such large numbers during the religious persecutions of 
the sixteenth and seventeenth centuries, the improve¬ 
ment, if not the introduction, of the art of turning, as 
well as many other arts hereafter to ho referred to. It is 
certain that at the period to which wo refer numerous 
treatises wero published in France on the art of turning, 
some of them of a most elaborate character. Sneh wero the 
works of Do la Hire,* who described how every kind of 
polygon might ho made by the latho; De la C!ondamine,t 
who showed how a lathe could turn all sorts of irregular 
figures by means of tracers; and of Grand Jean4 Morin,§ 
Plunder, Bergeron, and many other writers. 

The wovk of Plunder is especially elaborate, entering 
into the construction of tho latho in its various parts, the 
making of tho tools and cutters, and the different motions 
to bo given to the machine by means of wheels, ecoontrics, 
and other expedients, amongst which may be mentioned 
one very much resembling the slide rest and planing- 
machine combined. || From this work it appears that 
turning had long boon a favourite pursuit in Franco with 


* Machines iipprvntees par VAca- 
lUmie, 1719. 

t Machines approucecs par l'Aca¬ 
demic, 1733, 

t Ibid. 

| L'Art cle Towner en perfection, 
1749. 

|| It consisted of two parallel bars 
of wood or iron connected together at 
both extremities by bolts or keys of 
snHicicnt width to admit of the article 
required to be planed. A moveable 


fiaino was placed between the two 
bai-s, motion being given to it by a 
long cylindrical thread acting on any 
tool put into the sliding frame, ami, 
consequently, causing the screw, by 
means of a handle at each end of it, 
to push or draw the point or cutting- 
edge of the tool either way,—Mr. 
George Bennie's Preface to Buchanan’s 
Practical Assays on Milt Work, £W 
Ed. xli. 
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amateurs of all ranks, who spared no expense in the con¬ 
trivance and perfection of elaborate machinery for the pro • 
duetion of complex figures.* There was at that time a 
great passion for automata in Franco, which gave rise to 
many highly ingenious devices, such as Camus’s miniature 
oarriago (made for Louis XIV. when a child), Degonnes’ 
mechanical peacock, Vaucanson’s duck, and Maillardot’s 
conjuror. It had the effect of introducing among the 
higher order of artists hahits of nice and accurate work¬ 
manship in executing delicate pieces of machinery; and 
the same combination of mechanioal powers which mado 
the stool spider crawl, the duok quack, or waved the tiny 
rod of the magician, contributed in future years to pur¬ 
poses of highor import,—the wheels and pinions, whioh in 
these automata almost eluded the human senses by thoir 
minutoness, reappearing in modern times in the stupendous 
mechanism of our self-acting lathes, spinning-mules, and 
steam-engines. 

“ In our own country,” says Professor "Willis, “ the lite¬ 
rature of this subject is so defective that it is very difficult 
to discover what progress we were making during the 
seventeenth and eighteenth conturies.” t Wo believe the 
faot to ho, that the progress made in England down to the 
end of last century had been very small indeed, aud tlmt 


* Turning wan a favourite amuse¬ 
ment amongst tho French nobles of Inst 
century, many of whom acquired great 
dexterity in the art, which they turned 
to account when compelled to emigrate 
at the Revolution, Louis XVI. him¬ 
self was a very good locksmith, and 
could have earned a fair living at the 
trade. Our own George III, was a 
good turner, end was learned iu wheels 
and trendies, chucks aud chisels. Henry 
Jfayhew says, on the authority of an old 
working turner, that, with average in¬ 
dustry, the King might have made from 
40a. to 50s. a-weok as a hard wood and 
ivory turner. Lord John Hay, though 


oue-armed, wes an adept at the latter, 
and Lord Gray was another capital 
turner. Indeed the late Mr. Holt- 
znpfiel’s elaborately illustrated treatise 
was written quite ns much for amateurs 
ns for working mechanics. Among 
other noblo handicraftsmen we may 
mention the late Lord Dougins, who 
cultivated bookbinding. Lord Tra- 
quair's fancy was cutlery, and one 
could not come to him in a more 
welcome fashion than with a pair of 
old razors to set up. 

f Professor Wll LIS, Lecture) on the 
Results of the Great Exhibition of 
18S1, 1st series, p. 306, 
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the lathe had experienced little or no improvement until 
Maudslay took it in hand. Nothing soems to have been 
known of the slide rest until ho re-invented it, and applied 
it to the production of machinery of a far more elaborate 
character than had evor before boon contemplated as pos¬ 
sible. Professor Willis says that Bramah’s, in other words 
Mandalay's, slide rest of 1704 is so different from that 
described in tbe French ‘ Encyclopedic’ in 1772, that the 
two could not have had a common origin. We are there¬ 
fore led to the conclusion that Maudslay’s invention was 
entirely independent of all that had gone before, and that 
ho contrived it for tho special purpose of overcoming the 
difficulties which he himself experienced in turning out 
duplicate parts in large numbers. At all events, he was 
so early and zealous a promoter of its use, that we think 
be may, in tbe eyes of all practical mechanics, stand as 
the parent of its introduction to tho workshops of England. 

It is unquestionable that at the time when Maudslay 
began the improvement of machine-tools, the methods of 
working in wood and metals were exceedingly imperfect. 
Mr. William Fairbaim has stated that when he first became 
acquainted with mechanical engineering, about sixty years 
ago, there wore no self-acting tools; everything was ex¬ 
ecuted by hand. There were neither planing, slotting, 
nor shaping machines; and the whole stock of an engineer¬ 
ing or xnaohine establishment might he summed up in a 
fow ill-constructed lathes, and a few drills and horing 
machines of rude construction.* Our mechanics were 
oquolly backward in contrivances for working in wood. 
Thus, when Sir Samuel Bcntham made a tour through tho 
manufacturing districts of England in 1791, he was sur¬ 
prised to find how little had been done to substitute the 
invariable acouraoy of machinery for the uncertain dex¬ 
terity of the human hand. Steam-power was as yet only 


* Address delivered before tho British Assooistioa at Manchester (j 
l&dl. See Appendix III, _ 

r 2 



IIKNRY MAtniSlAY. 


Ci). ip. :(il 


2i.2 


employed in driving spinning-machines, rolling metals, 
pumping -water, and such like pm-poscs. In the working 
of wood no machinery had Leon introduced beyond the 
common turning-lathe and some saws, and a few boring 
tools used in making blocks for the navy. Even saws 
worked by inanimate force for slitting timber, though in 
extensive use in foreign countries, wore nowhere to bo 
found in Groat Britain.* As everything dependod on the 
dexterity of hand and correctness of eye of the workmen, the 
work turned out was of very unequal merit, besides being 
exceedingly costly. Even in the cons traction of compara¬ 
tively simple machines, the expense was so great as to 
present a formidable obstacle to their introduction and 
extensive use; and but for the invention of machine- 
making tools, tho uso of the steam-engino in the various 
forms in which it is now applied for tho production of 
power could novel- have become general. 

Jn turning a pioco of work on the old-fashioned lathe, 
(he workman applied and gniclcd his tool by means of 
muscular strength. Tho work was made to revolve, and 
the turner, holding tho cutting tool firmly upon tho long, 
straight, guiding edge of the rest, along which he earned 
it, and pressing its point firmly against the article to bo 
turned, was thus enabled to reduce its surface to tho 
required sizo aud shapo. Some dexterous turners were 
able, with practice and carefulness, to execute very clover 
pieces of work by this simple meanR. But when the artiole 
to bo turned was of considerable size, and especially when 
it was of metal, tho expenditure of muscular strength was 
so great that the workman soon became exhausted. The 
slightest variation in tho pressure of the tool led to an 
irregularity of surface; and with the utmost care on the 
workman’s part, he could not avoid occasionally cutting a 
little too deep, in consequence of which lio must neces¬ 
sarily go over the surface again, to reduce flio whole to 


Life of Fir Samel Benthsm, 97 8 
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the level of that accidentally cut too deep; and thus pos¬ 
sibly the job would be altogether spoiled by the diameter 
of the article under operation being made too small for its 
intended puipose. 

The introduction of the slide rest furnished a complete 
remedy for this source of imperfection. The principle of 
the invention consists in constructing and fitting the rest 
so that, instead of being screwed down to ono place, and 
tho tool in the hands of the workman travelling over it, 
the rest shall itself hold the cutting tool fi rally fixed in it, 
and slide along the surface of the bench in a direction 
exactly parallel with the axis of the work. Before its 
invention various methods had been ti'icd with tho object 
of enabling the work to bo turned true independent of the 
dexterity of the workman. Thus, a square steel cutter 
used to he firmly fixed in a bed, along which it was 
wedged from point to point of the work, and tolerable 
acouraoy was in this way secured. But the slide rest was 
much more easily managed, and the result was much more 
satisfactory. All that the workman had to do, aftor the 
tool was firmly fitted into tho rest, was merely to turn a 
sorew-handlo, and thus advance the outtor along the face 
of the work as required, with an expenditure of strength 
so slight as scarcely to he appreciable. And even this 
labour has now been got rid of; for, by an arrangement of 
the gearing, the slide itself has been made self-acting, and 
advances with the revolution of the work in the lathe, 
which thus supplies tho place of tho workman’s hand. 
Tho aocuraoy of the turning done by this beautiful yet 
siraplo arrangement is as mechanically perfect as work can 
be. The pair of steel fingers which hold the cutting tool 
firmly in their grasp never tire, and it moves along tho 
metal to he out with an accuracy and precision which the 
human hand, however skilled, could never equal. 

Tho effects of the introduction of the slide rest were 
very shortly felt in all departments of mechanism. Though 
it bad to oneountor some of thp ridicule with which new 
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methods of working are usually received, and for a time 
was spoken of in derision as “ Maudslay’s Go-cart,”—its 
practical advantages were so decided that it gradually 
made its way, and became an established tool in all tho 
best mechanical workshops. It was found alike capable of 
executing tho most delicate and the most ponderous pieces 
of machinery; and as slido-lathes could be manufactured 
to any extent, machinery, steam-engines, and all kinds of 
metal work could now be turned out in a quantity and at 
a prioe that, but for its use, could never have been prac¬ 
ticable. In course of time various modifications of tho 
machino wore introduced—such as tho planing maobino, 
tho wheol-cutting machino, and other beautiful tools on 
the slide-rest prinoiplo,—the result of which has been that 
extraordinary development of mechanical production and 
power which is so characteristic a feature of tho age wo 
live in. 

“ It is not, indeed, saying at all too muoh to state,” says 
Mr. Nasmyth,* a most competent judge in such a mattor, 
" that its influence in improving and extending the use of 
machinery has been as great as that produced by tho 
improvement of tho steam-engine in respeot to perfecting 
manufactures and extending commeroe, inasmuch as without 
the aid of tho vast accession to our power of producing 
perfoct mechanism which it at once supplied, we could 
nevor have worked out into practical and profitable forms 
the conceptions of those master minds who, during the last 
half century, have so successfully pioneered the way for 
mankind. The steam-engine itself, which supplies us with 
such unbounded power, owes its proeent perfection to this 
most admirable means of giving to metallio objects tho 
most precise and perfect geometrical forms. How could 
we, for instance, have good steam-engines if we had not 
the means of boring out a true cylinder, or turning a true 

* Remarks on the Introduction of of Machinery, in Buehanan’s Practical 
the Slide Principle in Tools and Assays on Mill Work and olhor Ma 
Machines employed in the Production ohinery. 3rd ed, p. 307. 
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piston-rod, or pinning a valve face ? It is this alone whioh 
has furnished us with the means of carrying into practice 
the accumulated results of scientific investigation on mecha¬ 
nical subjeots. It would be blamable indeed,” continues Mr. 
Nasmyth, “ after having endeavoured to set forth the vast 
advantages which have been conferred on the mechanical 
world, and therefore on mankind generally, by tlio invention 
and introduction of the Slide Best, were I to suppress tlio 
name of that admirable individual to whom we are indebted 
for this powerful agent towards the attainment of mecha¬ 
nical perfection. I allude to Henry Maudslay, whose useful 
lifo was enthusiastically devoted to the grand object of im¬ 
proving our means of producing perfect workmanship and 
machinery: to him we are certainly indebted for the slide 
rout, and, consequently, to 6ny the least, wo are indirectly 
so for tho vast benefits which have resulted from the intro¬ 
duction of so powerful an agont in perfecting our machinery 
and mechanism generally. The indefatigablo care which 
he took in inculcating and diffusing among his workmen, 
and moohanical men generally, sound ideas of practical 
knowledge and refined views of construction, have ren¬ 
dered and ever will continue to render his name identi¬ 
fied with all that is noble in the ambition of a lover of 
mechanical perfection.” 

One of the first uses to which Mr. Maudslay applied the 
improved slide rest, which he perfected shortly after begin¬ 
ning business in Margaret Street, Cavendish Square, was 
in executing the requisite tools and machinery required by 
Mr. (afterwards Sir Marc Ieamhard) Brunei for manufac¬ 
turing ships' blocks, The career of Brunei was of a more 
romantic character than falls to the ordinary lot of mecha¬ 
nical engineers. His father was a small farmer and post¬ 
master, at tho village of Hacqueville, in Normandy, where 
Maro Isambard was bom in 1769. He was early intended 
for a priest, and educated accordingly. But he was much 
fonder of the carpenter’s shop than of the school; and 
coaxing, entreaty, and punishment alike failed in making a 
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hopeful scholar of him. He drew faces and plans until Iris 
father was almost in despair. Sent to school at Rouen, his 
chief pleasure was in watching the ships along tho quays; 
and one day his curiosity was excited by tho sight of some 
largo iron castings just landed. What were they ? IIow 
had they been made ? Whore did they conio from ? His 
eager inquiries wore soon answered. They wore parts of 
an engine intended for the great Paris water-works; tlio 
engino was to pump water by the power of stoam ; and the 
castings had been mado in England, and had just been 
landed from an English ship. “ England! ” oxelaimod tho 
boy, “ ab I when I am a man I will go see tlio country 
where such grand machines are mado 1 ” On ono occasion, 
seeing a now tool in a cutler’s window, he covoted it so 
much that he pawned his hat to possess it. This was not 
tho right road to tho priesthood; and his father soon saw 
that it was of no use urging Mm further: but the boy’s in¬ 
stinct proved truer than the fathor’s judgment. 

It was eventually determined that he should qualify 
himself to enter tho royal navy, and at seventeen he was 
nominated to serve in a corvotto as “ volontaire d’hon- 
nour.” His ship was paid off in 1792, and he was at Paris 
during tho trial of the King. With tho incautiousness of 
youth he openly avowed his royalist opinions in the cafe 
which he frequented. On tho very day that Louis was con¬ 
demned to death, Brunei had an angry altercation wi til some 
ultra-republicans, after which he called to his dog, “ Yiens, 
oitoyen! ” Scowling looks wore turned upon him, and ho 
deemed it expedient to take tho first opportunity of escap¬ 
ing from tho house, whioh he did by a baok-door, and made 
tbe best of his way to Hacquovillo. From thence he wont 
to Eouen, and succeeded in finding a passage on board an 
American ship, in whioh ho sailed for New York, having 
first pledgod his affections to on English girl, Sophia 
Kingdom, whom lie had accidentally met at tho house of 
Mr. Carpentier, tho American consul at Rouen. 

Arrived in America, ho succeeded in finding omploy- 
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niont as assistant surveyor of a tract of land along the 
Black River, near Lake Ontario. In the intervals of liis 
labours he made occasional visits to New York, and it was 
there that tho first idea of his block-machinery occurred to 
him. He carried his idea back with him into tho woods, 
where it often mingled with his thoughts of Sophia King¬ 
dom, by this time safe in England after passing through 
the horrors of a French prison. “My first thought of the 
block-machinery," he onco said, “was at a dinner party at 
Major-General Hamilton's, in Now York; my second under 
an American tree, when, one day that I was carving letters 
on its bark, the turn of one of them reminded me of it, and 
I thought, ‘ Ah! my block ! so it must bo.’ And what, do 
you think wore the letters I was cutting ? Of course none 
other than S. K.” Brunei subsequently obtained some em¬ 
ployment as an architect in New York, and promulgated 
various plans for improving the navigation of the principal 
rivers. Among the designs of his which were earned out, 
was that of the Park Theatre at New York, and a cannon 
foundry, in which he introduced improvements in cast¬ 
ing and boring big guns. But being badly paid for liis 
Avork, and a powerful attraction drawing him constantly 
towards England, he determined to take final leave of 
America, which he did in 1709, and landed at Falmouth in 
the following March. There he again met Miss Kingdom, 
Avho had remained faithful to him during his six long years 
of exile, and the pair were shortly after united for life- 
Brunei was a prolific inventor. During his residence in 
America, he had planned many contrivances in his mind, 
Avhich he now proceeded to work out. The first Avas a 
duplicate Avriting and draAving machine, Avhieh he patented. 
Tho next was a maohino for twisting cotton thread and 
fonning it into halls; hut omitting to protect it by a 
patent, he derived no benefit from the invention, though 
it shortly came into very general use. He then invented 
a maohino for trimmings and borders for muslins, Haviis, 
and cambrics,—of the nature of a sewing macliiuo. His 
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famous block-machinery formed the subject of his next 
patent. 

It may be explained that the making of tho blocks em¬ 
ployed in tho rigging of ships for raising and lowering 
the sails, masts, and yards, was then a highly important 
branch of manufacture. Some idea may be formed of the 
number used in the Royal Navy alono, from the fact that a 
74-gun ship required to bo provided with no fewer tliau 1400 
blocks of various sizes. The sheaved blocks used for tho 
running rigging consistod of tho shell, tho sheaves, which 
rovolvod within the shell, and tho pins which fastened them 
together. Tho fabrication of theso articles, though appa¬ 
rently simplo, was in reality attended with much difficulty. 
Every part had to bo fashioned with groat accuracy and 
precision to ensure the easy working of tho block when put 
together, as any hitch in the raising or lowering of the 
sails might, on certain emergencies, occasion a serious 
disaster. Indeed, it became clear that mere hand-work 
was not to he relied on in the manufacture of theso articles, 
and efforts were early made to produce them by means of 
machinery of the most perfeot kind that could bo devised. 
In 1781, Mr. Taylor, of Southampton, set up a largo esta¬ 
blishment on the river Itchen for tlieir manufacture; and 
on tho expiry of his contract, the Government determined 
to establish works of their own in Portsmouth Dockyard, 
for tho purpose at tho same time of semiring greater eco¬ 
nomy, and of being independent of individual makers in 
the supply of an arlielo of such importance in the equip¬ 
ment of ships. 

Sir Samuel Bontliam, who then filled the offioo of In¬ 
spector-General of Naval Works, was a highly ingenious 
person, and had for some years been applying bis mind to 
the invention of improved machinery for working in wood. 
Ho had succeeded in introducing into tho royal dock¬ 
yards sawing-machines and planing-maohinos of a suporior 
kind, as well as block-making machines. Thus the speci¬ 
fication of one of his patents, taken out in 1793, clearly 
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describes a machine for shaping the shells of the blocks, in 
a manner similar to that afterwards specified by Brunei. 
Bcntham had even proceeded with the erection of a build¬ 
ing in Portsmouth Dockyard for the manufacture of the 
blocks after his method, the necessary steam-engine being 
already provided; but with a singular degree of candour 
and generosity, on Brunei’s method being submitted to him, 
Sir Samuel at once acknowledged its superiority to his own, 
and promised to recommend its adoption hy the authorities 
in his department. 

Tlio circumstance of Mrs. Brunei's brother being Under¬ 
secretary to tbe Navy Board at the time, probably led 
Brunei in the first instance to offer his invention to the 
Admiralty. A great deal, however, remained to bo dono 
before he could bring his ideas of the block-machinery into 
a dcfiuito shape; for there is usually a wido interval 
between the first conception of an intricate machine and 
its practical realization. Though Brunei had a good know¬ 
ledge of mechanics, and was able to master the intricacies 
of any machine, ho laboured under the disadvantage of not 
being a practical mechanic; and it is probable that but for 
the help of some one possessed of this important qualifica¬ 
tion, his invention, ingenious and important though it was, 
would have borne no practical fruits. It was at this junc¬ 
ture that he was so fortunate as to be introduced to Henry 
Mandslay, the inventor of the sliderest. 

It happened that a M. de Bacquancourt, one of the 
French Emigres, of whom there wero then so many in Lon¬ 
don, was acoustomed almost daily to pass Maucislay ’b little 
shop in Wells-street, and being himself an amateur turner, 
he onriously inspected the artioles from time to time ex¬ 
hibited in the window of the young mechanic. One day 
a more than ordinarily nice piece of screw-cutting mado 
its appearance, on which he entored the shop to make 
inquiries as to the method by which it had been executed. 
He had a long conversation with Maudslay, with whom 
ho was greatly pleased; and he was afterwards accustomed 
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to look in upon him occasionally to seo what new work 
was going on. Bacquancourt was also on intimate tonus 
with Brunei, who communicated to him the difficulty he 
had experienced in finding a mechanic of sufficient dexte¬ 
rity to execute his design of tlio block-making machinery. 
It immediately ocoun'ed to the former that Henry Maudslay 
was the very man to oxeoute work of tho elaborate cha¬ 
racter proposed, and ho described to Brunei the new and 
beautiful tools which Maudslay had contrived for the pur¬ 
pose of ensuring accuracy and finish. Brunol at once de¬ 
termined to call upon Maudslay, and it was arranged that 
Bacquancourt should introduce him, which he did, and 
after the interview which took place Brunol promised to 
call again with tho drawings of his proposed model. 

A few days passed, and Brunei called with the first 
drawing, done by himself; for he was a capital draughts¬ 
man, and used to speak of drawing as the “alphabet of 
the engineer.” The drawing only showed a littlo hit of 
(ho intended machine, and Brunei did not yet think it 
advisable to communicate to Maudslay the preoise object 
he had in view ; for inventor's are usually vory chary of 
explaining their schemes to others, for fear of being anti¬ 
cipated. Again Brunei appeared at Maudslay’s shop with 
a further drawing, still not explaining his design; but at 
the third visit, immediately on looking at the fresh draw¬ 
ings he had brought, Maudslay exolaimed, “AhI now I 
see what you are thinking of; you want machinery for 
making blocks.” At this Brunei became more communi¬ 
cative, and explained his designs to tho mechanic, who 
fully entered into his views, and went on from that time 
forward striving- to his utmost to work out the inventor’s 
conceptions and embody them in a practical machine. 

While still oocupied on the models, whioh were begun 
in 1800, Maudslay removed his shop from Wells-stroet, 
where he was assisted by a single journeyman, to Margaret 
street, Cavendish-square, where he had greater room for 
carrying on his trade, and was also enabled to increase 
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the number of his hands. The working models wore ready 
fur inspection by Sir Samuel Bentham and the Lords of 
the Admiralty in 1801, and having been fully approved 
by them, Brunei was authorized to proceed with tho exe¬ 
cution of the requisite machinery for the manufacture of 
the ships’ blocks required for the lloyal Navy. The wkolo 
of this machinery was executed by Henry Mandalay; it oc¬ 
cupied him very fully for nearly six years, so that the 
manufacture of blocks by the new process was not begun 
until September, 1808. 

We despair of being able to give any adequate descrip¬ 
tion in words of the intricate arrangements and mode of 
action of the block-making machinery. Lot any one at¬ 
tempt to describe the much more simple and familiar pro¬ 
cess by which a shoemaker makes a pair of shoos, and he will 
find how inadequate mere words are to describe any mecha¬ 
nical operation.* Suffice it to say, that the machinery was 
of tho most beautiful manufacture and finish, and even at 
this day will hear comparison with the most perfect 
machines which can he turned out with all the improved 
appliances of modern tools. The framing was of cast- 
iron, while the parts exposed, to violent and rapid action 
were all of the best hardened steel. In turning out tho 
various parts, Maudslay found his slide rest of indispensablo 
value. Indeed, without this contrivance, it is doubtful 
whether maohinery of so delicate and intricate a character 
could possibly have been executed. There was not one, 
but many machines in the series, each devoted to a special 
operation in tho formation of a block. Thus there were 
various sawing-machines,—the Straight Cross-Cutting Saw, 
the Circular Cross-Cutting Saw, the Meciprocating Itipping- 
Saw, and the Circular Bipping-Saw. Then there were tho 

* So far ns words mid drawings omi nnd by Dr. Brewster in tho Edinburgh 
nerve to describe the block-makiug Cychpcedia. A very goad account 
machinery, it will he found very nbly will also be found in Toralineon's 
described by Mr. Farcy in hie article Cyclopaxiia of tho Useful Aits, Art, 
under this head In Ueoe'e CyclopaJh, “ Block." 
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Boring Machines, and the Mortising Machine, of beautiful 
construction, for cutting the sheave-holes, furnislied with 
numerous chisels, each making from 110 to 150 strokes a 
minute, and cutting at every stroke a chip as thick as paste¬ 
board with the utmost precision. In addition to these were 
the Corner-Saw for cutting off the corners of the block, 
the Shaping Machine for aoourately forming the outside 
surfaces, the Sooring Engine for cutting the groove round 
the longest diamolcr of the block for the reception of the 
rope, and various other maohinos for drilling, riveting, and 
finishing the blocks, bosidos those for making the sheaves. 

The total number of maohinos employed in the vari¬ 
ous operations of making a ship’s block by the new method 
was forty-four; and after being regularly employed in 
Portsmouth Dockyard for upwards of fifty years, they are 
still as perfect in their action as on the day they were 
erected. They constitute one of the most ingenious and 
complote collections of tools over invented for making 
articles in wood, being oapable of performing most of the 
practical operations of carpentry with the utmost aoouracy 
and finish. The machines are worked by a steam-engine 
of 32-korse power, which is also used for various other 
dockyard purposes. Under the new system of block-mak¬ 
ing it was found that the artioles were better made, sup¬ 
plied with much greater rapidity, and executed at a greatly 
reduced cost. Only ton men, with tbo new machinery, 
could perform the work which before had required a 
hundred and ten men to exeoute, and not fewer than 
160,000 blocks of various kinds and sizes could bo turned 
out in a year, worth not less than 541,0001.* 


* The remuneration paid to Mr. 
Brunei for his share in the invention 
was only one year's savings, which, 
however, were estimated by Sir Samuel 
Bentham at 17,6081.; besides which 
a grant of 60001. was afterwards made 
to Brunei when labouring under pe¬ 
cuniary difficulties. But the annual 
saving :o the nation by tire adoption 


of tlie clock-making machinery was 
probably more than the entire sum 
paid to the engineer. Brunei after¬ 
wards invented other wood-working 
machinery, but none to compere in 
merit and excellence with the above. 
For further particulars of ids career, 
see Beamish's Memoirs of Sir Marc 
Isambart] Brum!, C.E, London, 1862. 
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The satisfactory execution of tlie block-machinery brought 
Maudslay a large accession of fame and business ; and the 
premises in Margaret Street proving much too limited for 
his requirement^ ho again resolved to shift his quarters. 
He found a piece of ground suitable for his purpose in 
Westminster Koad, Lambeth. Little moro than a ccntmy 
since it formed part of a Marsh, the name of which is still 
retained in the adjoining street; its principal productions 
being bulrushes and willows, which were haunted in cer¬ 
tain seasons by snipe and waterfowl. An enterprising 
riding-master had erected somo promises on a part of the 
marsh, which lie used for a riding-school; hut the specu¬ 
lation not answering, they were sold, and Henry Maudslay 
became the proprietor. Hither he removed his machinery 
from Margaret Street in 1810, adding fiesh plant from time 
to time as it was required; and with the aid of his late 
excellent partner he built up the far-famed establishment of 
Maudslay, Field, and Go. There he went on improving Iub 
old tools and inventing new ones, ns the necessity for them 
arose, until the original slide-lathes used for making the 
block-machinery became thrown into the shade by the 
comparatively gigantic machine-tools of the modem school. 
Yet the original lathes are still to be found in tho collec¬ 
tion of tbo firm in Westminster Road, and continue to do 
their daily quota of work with tho same precision as thoy 
did when turned out of the hands of their inventor and 
maker some sixty years ago. 

It is unnecessary that we should describe in any great 
detail tho further career of Henry Maudslay. The rest of 
his life was full of useful and profitable woik to others as 
well as to himself. His business embraced tho making of 
flour and saw mills, mint machinery, and steam-engines of 
all kinds. Before he left Margaret Street, in 1807, he took 
out a patent for improvements in the steam-engine, by 
which he much simplified its parts, and secured greater 
directness of action. His new engine was called the Pyra¬ 
midal, because of its form, and was tho first move towards 
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wliat arc iiuw called Diroct-aoting Engines, in which ilie 
movomeut of the piston is communicated by lateral con¬ 
necting-rods to tbe rotatorj movement of the orank-sliaft. 
Mr. Nasmyth says of it, that “ on account of its great sim¬ 
plicity and get-at-ability of parts, its compactness and self- 
contained steadiness, this engine has boon the parent of a 
vast progeny, all moro or loss marked by the distinguishing 
features of the original design, which is still in as high 
favour as over.” Mr. Muuilslay also directed his attention 
in like manner to the improvement of the nmrino ongiue, 
which he made so simple and cffectivo as to bccomo in a 
great measure the typo of its clnss; and it lias held its 
ground almost unchanged for nearly thirty years. The 
1 Regent, 1 which was the first steamboat that plied be¬ 
tween London and Margate, was fitted with engines by 
Maudslay in 1816; and it proved tlie forerunner of avast 
number of marine engines, the manufacture of which soon 
became one of the most important branohes of mechanical 
engineering. 

Another of Mr. Maudslay’s inventions was his machine 
for punching boiler-platos, by whioh tlio production of iron¬ 
work of many kinds was greatly facilitated. This improve¬ 
ment originated in the contract which he held for some 
years for supplying the Royal Navy with plate iron for 
ships’ tanks. The operations of shearing and punching 
had before been very imperfectly done by hand, with great 
expenditure of labour. To improve the style of the woric 
and lessen the labour, Maudslay invented the machine now 
in general use, by whioh tlio holes punched in the iron 
plate are exactly equidistant, and the subsequent operation 
of riveting is greatly facilitated. One of the results of the 
improved method was the great saving which was at once 
effected in the cost of preparing the plates to receive the 
rivets, tlio price of which was reduced from seven shillings 
per tank to ninoponce. 

He continued to devote liimsolf to tlio last to the im¬ 
provement of the lathe,—in his opinion tlio master-machine 
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(he life and soul of engine-tinning, of which, the planing, 
screw-cutting, and other machines in common uso, are hut 
modifications. In one of tho early lathes which he con¬ 
trived and made, the mandrill was nine inches in diameter; 
it was driven by wheel-gearing like a crano motion, and 
adapted to different speeds. Some of his friends,-on first 
looking at it, said he was going “ too fast;” but he lived to 
see work projected on so large a scale as to jirovo that his 
conceptions wore just, and that ho had merely anticipated 
by a few years the mechanical progress of his time. His 
large removeable bar-lathe was a highly important tool of 
the same kind. It was used to turn surfaces many feet in 
diameter. While it could be used fn* boring wheels, or 
the side-rods of marine engines, it could turn a roller or 
cylinder twice or three times the diameter of its own 
centres from the ground-level, and indeed could drive 
round work of any diameter that would clear the roof ol 
the shop. This was therefore an almost universal tool, 
capable of very extensive uses. Indeed much of the work 
now executed by means of special tools, such as the planing 
or slotting machine, was then done in the lathe, which was 
used as a cutter-shaping machine, fitted with various appli¬ 
ances according to the work. 

Mhudslay’s love of accuracy also led him from an early 
peiiod to study the Bubject of improved screw-cutting. 
The importance of this department of mechanism can 
scarcely be overrated, tho solidity and permanency of most 
mechanical structures mainly depending on the employ¬ 
ment of the screw, at the same time that the parts can he 
readily separated for renewal or repair. Any one can 
form an idea of the importance of the screw as an ele¬ 
ment in meohanioal construction by examining say a Bteam- 
engino, and counting the number of screws employed in 
holding it together. Previous to the time at which the 
subject occupied the attention of our mechanic, the tools 
used for making screws were of the most rude and inexact 
kind. The screws were for tho most part cut by hand • the 
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small by filing, tbo larger by chipping and filing. In conse¬ 
quence of the great difficulty of making them, as few wero 
used as possible; and cotters, cott,evils, or forelocks, -wore 
employed in stead. Screws, however, were to a certain 
extent indispensable; and each manufacturing establish¬ 
ment made thorn after their own fashion. There was an 
utter want of uniformity. No system was observed as to 
“ pitch,” i. e. the number of threads to the inch, nor was 
any rule followed as to the form of those threads. Every 
bolt and nut was a sort of specialty in itself, and neither 
owed nor admitted of any community with its neighbours. 
To such an extent was this irregularity carried, that all 
bolts and their corresponding nuts had to ho marked as 
belonging to each other; and any mixing of thorn together 
led to endless trouble, hopeless confusion, and enormous 
expense. Indeed none hut those who lived in the compara¬ 
tively early days of machine-manufaoturo can form an ade¬ 
quate idea of the annoyance occasioned by the want of 
system in this branch of detail, or duly appreciate the 
services rendered by Maudslay to mechanical engineering 
by the practical measures which he was among the first to 
introduce for its romedy. In his system of screw-cutting 
machinery, his taps and dios, and screw-tackle generally, 
ho laid the foundations of all that has sinoe been done in 
this essential branch of maohine-construotion, in which ho 
was so ably followed up by several of the eminont me¬ 
chanics brought up in his school, and more especially by 
Joseph Oloment and Joseph Whitworth. One of his earliost 
self-acting sorow lathes, moved by a guide-sorew and wheels 
after the plan followed by the latter engineer, out screws 
of largo diameter and of any required pitoh, As an illus¬ 
tration of its completeness and accuracy, we may mention 
that by its moans a screw five feet in length, and two inches 
in diameter, was out with fifty threads to tho inch; the nut 
to fit on to it being twelve inches long, and containing six 
hundred threads. This screw was principally used for di¬ 
viding scales for astronomical proposes; anil by its means 
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divisions were produced so minute that they could not be 
detected without the aid of a magnifier. The screw, which 
was sent for exhibition to the Society of Arts, is still care¬ 
fully preserved amongst the specimens of Mandalay's handi¬ 
craft at the Lambeth Works, and is a piece of delicate work 
which every skilled mechanic will thoroughly appreciate. 
Yet tho tool by which this fine piece of turning was pio- 
duced was not an exceptional tool, but was daily employed 
in the ordinary work of the manufactory. 

Like every good workman who takes pride in his craft, 
he kept his tools in first-rate order, olean, and tidily ar 
ranged, so that he could lay his hand upon the thing he 
wanted at once, without loss of time. They are still pre¬ 
served in the state in which he left them, and strikingly 
illustrate his love of order, “ nattiness,” and dexterity. 
Mr. Nasmyth says of him that you could see the man’s cha¬ 
racter in whatever work bo turned out; and as the con¬ 
noisseur in art will exclaim at sight of a picture, “ That is 
Turner," or " That is Stanafield,” detecting tho hand of the 
master in it, so tho experienced meohanician, at sight of 
one of his machines or engines, will be equally ready to 
exclaim, “ That is Maudslayfor the characteristic style 
of the master-mind is as dear to the experienced eye in the 
case of the finished machine as the iouches of the artist’s 
pencil are in the case of the finished picture. Every me¬ 
chanical contrivance that became the subjeot of his study 
came forth from his hand and mind rearranged, simpli¬ 
fied, and made now, with the impress of his individuality 
stamped upon it. He at once stripped the subject of all 
unnecessary complications; for he possessed a wonderful 
faculty of knowing what to do without —the result of his dear¬ 
ness of insight into mechanical adaptations, and the accu¬ 
rate and well-defined notions he had formed of the precise 
object to bo accomplished. “ Every member or separate 
machine in the system of block-machinery,” says Mr. 
Nasmyth, “ is full of Mandalay's presence; and in that 
machinery, as constructed by him, is to be found the pared 
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of evciy engineering tool l»y the aid of which we are 
now achieving such great things in mechanical construc¬ 
tion. To the tools of which Mandalay furnished the proto¬ 
types are we mainly indebted for the perfection of our 
textile machinery, our locomotives, our marine engines, 
and the various implements of art, of agriculture, and of 
war. If any one who can enter into the details of this 
subject will be at the pains to analyse, if I may so term 
it, tlio machinery of our modem engineering workshops, 
he will find in all of them the strongly-marked features 
of Maudslay’s parent machine, tlio slide rest and slide 
system—whether it ho a planing machine, a slotting 
machine, a slide-lathe, or any other of the wonderful tools 
which are now enabling ns to accomplish so much in 
mechanism.” 

One of the things in which Mr. Maudslay took just 
pride was in the exoellonce of Ms work. In designing and 
executing it, his main object was to do it in the best pos¬ 
sible style and finish, altogether irrespective of the pro- 
bablo pecuniary results. This ho regarded in the light of 
a duty ho could not nnd would not evade, .independent of 
its being a good investment for securing a future reputa¬ 
tion ; and tho charaotor which be thus obtained, although 
at times purchased at groat cost, eventually justified the 
soundness of liis views. As tlio eminent Mr. Penn, the 
head of tho great engineering firm, is accustomed to say, 
“ 1 cannot afford to turn out second-rate work,” so Mr. 
Maudslay found both oharaoter and profit in striving after 
the.higliost excellence in his productions. He was parti¬ 
cular oven in the minutest details. Thus one of tho points 
on which he insisted—apparently a trivial matter, but in 
reality of considerable importance in mechanical construc¬ 
tion—was the avoidance of sharp interior angles in iron¬ 
work, whether wrought or cast; for ho found that in such 
interior angles craokB wore apt to originate; and when tho 
article was a tool, the sharp angle was less pleasant to tho 
hand as woll os tc tho eye. In tin application of hit 
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favourite round or hollow corner system—as, for instance, 
in the case of the points of junction of the arms of a wheel 
with its centre and rim—he used to illustrate its superiority 
by holding up his hand and pointing out the nice rounded 
hollow at the junction of the fingers, or by referring to the 
junction of the branches to the stem of a tree. Henco he 
made a point of having all the angles of his machine frame¬ 
work nicely rounded off on their exterior, and carefully' 
hollowed in their interior angles. In forging such articles 
he would so shapo his metal before bending that the result 
should be the right hollow or rounded oomer when bent; 
the anticipated external angle falling into its proper place 
when the bar so shaped was brought to its ultimate form. 
In all such matters of detail ho was greatly assisted by his 
early dexterity as a blacksmith; and ho used to say that to 
be a good smith you must be able to see in the bar of iron 
the object proposed to bo got ont of it by the hammer or 
the tool, just as tho sculptor is supposed to seo in the block 
of stone the statue which ho proposes to bring forth from 
it by his mind and his chisel. 

Mr. Maudslay did not allow himself to forget his skill in 
the use of the hammer, and to the last he took pleasure in 
handling it, sometimes in tho way of business, and often 
through sheer lovo of his art. Mr. Nasmyth says, “ It was 
one of my duties, while acting as assistant in his hoautifiil 
'ittle workshop, to keep up a stock of bandy burs of lead 
which he had placed on a shelf under his work-bench, which 
was of thick slate for the more ready making of his usual 
illustrative sketches of machinery in chalk. His love of 
iron-forging led him to take delight in forging tho models 
of work to be ultimately done in iron; and cold lead being 
of about tho same malleability as red-hot iron, furnished 
a convenient material for illustrating the method to bo 
adopted with the largo work. I well remember the smilo 
of satisfaction that lit up his honost face when he met with 
a good exouso for ‘ having a go at’ one of the bars of lead 
with hammer and anvil as if it woro a bar of iron; and 
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how, witli a few doxtoious strokes, punehinga of holes, and 
rounded notches, ho would give tho rough bar or block its 
dosired form. Ho always aimed, at working it out of tho 
solid as much as possible, s: as to avoid tho risk of any 
concealed defect, to which ironwork built up of welded 
parts is so liable; and when ho had thus cloverly finished 
his laodol, ho used forthwith to send For the foreman of 
smiths, and show him how ho was to instruct Ids mon as 
to the proper forging of ilio desired object.” One of Mr. 
Maudslaj’-’s old workmen, when informing us of tho skilful 
niannor in which ho handled tho file, said, “ It was a pleasure 
to seo him handle a tool of any kind, but lio was quite 
splendid with an oighteon-inek file!” The vice at which 
he worked was constructed by himself, and it was perfect 
of its kind. It could be turned round to any position on 
tho bench; tbe jaws would turn from the horizontal to the 
perpendicular or any other position—upside-down if neces¬ 
sary—and they would open twelve inches parallel. 

Mr. Nasmyth furnishes tho following further recollec¬ 
tions of Mr. Maudslay, which will serve in some measure 
to illustrate his personal character. “ Henry Maudslay,” 
he says, “lived in tho days of snuff-taking, which un¬ 
happily, as I think, has given way to tho cigar-smoking 
system. He enjoyed his occasional pinch vory much. 
It generally preceded the giving out of a now notion or 
suggestion for an improvement or alteration of some job in 
hand. As with most of those who enjoy their pinch, about 
throe times ns much was taken between the fingers as was 
utilized by tho nose, and tho oonsequonco was that a largo 
unconsumed surplus collected in the folds of the master's 
waistcoat as ho sat working at his bench. Sometimos a 
fiie, or a tool, or some small piece of work would drop, and 
then it was my duty to go down on my kneos and fetch it 
up. On such occasions, while wailing for the article, he 
would take tho opportunity of pulling down his waistcoat 
front, which had become disarranged by his onergotio 
working at tho bench : and many a time have T come up 
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with the dropped article, half-blinded by the snuff jerked 
into my eyes from off his waistcoat front. 

“ All the while he was at work he would be narrating 
some inoident in his past life, or describing the progress of 
some new and important undertaking, in illustrating whioli 
ho would use the bit of chalk ready to his hand upon tho 
slate benoli before him, which was thus in almost constant 
nsc. Ono of the pleasures he indidged in while he sat at 
work was Music, of which he was very fond,—more 
particularly of melodies and airs which took a lasting hold 
on his mind. Hence he was never without an assortment 
of musical boxes, some of which were of a largo size. One 
of these he would set agoing on his library table, which 
was next to his workshop, and with the door kept open, 
he was thus enabled to enjoy tho music while he sal work¬ 
ing at his bench. Intimate friends would frequently call 
upon him and sit by the hour, hut though talking all the 
while he never dropped his work, but continued employed 
on it with as much zeal as if ho were only beginning 
life. His old friend Sir Samuel Bentham was a fr equent 
caller in this way, as well as Sir Isambard Brunei while 
occupied with his Thames Tunnel works,* and Mr. Chantrey, 
who was accustomed to consult him about the casting of 
his bronze statuary, Mr. Barton of the Eoyal Mint, and 
Mr. Donkin the engineer, with whom Mr. Barton was 
associated in ascertaining and devising a correct system of 
dividing the Standard Yard, and many others, had like 
audience of Mr. Maudslay in his little workshop, for 
friendly converse, for advice, or on affairs of business. 

“ I? was a speoial and constant practice with him on a 
workman’s holiday, or on a Sunday morning, to take a 
walk through his workshops when all was quiet, and thon 

* Among tho last works executed Tunnel. Ho also supplied the pump, 
by tho firm during Mr. Mnudslay’s ing-engines for the same great work, 
lifetime was the famous Shield em- the completion of which he did not 
ployed by his friend Brunei in carrying live to see. 
forward the excavation of the Thames 
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unci there examine the various jobs in bund. On suoli 
occasions lie carried with him a piece of chalk, with 
which, in a neat and very legible hand, ho would record his 
remarks in the most pithy and sometimes caustio terms. 
Any evidence of want of correctness in setting things 
square, or in ‘flat filing,’ which ho held in high esteem, 
or untidiness in not sweeping down the bench and laying 
the tools in order, was sure to have a record in chalk made 
on the spot. If it was a mild case, the reproof was 
recorded in gentle terms, simply to show that the master’s 
eye was on the workman; but whoro the case deserved 
hearty approbation or required equally hearty reproof, the 
words employed were few, but went straight to the mark. 
Thoso chalk jottings on the bench were held in the highest 
respect by the workmon themselves, whether they con. 
veyed praise or blame, as they wore sure to he deserved; 
and when the men next assembled, it soon becamo known 
all over the shop who had received the honour or otherwise 
of one of the master’s bench memoranda in chalk.” 

The vigilant, the critical, and yet withal the generous 
eye of the master being over alibis workmon, it will readily 
he understood how Maudslay’s works came to he regarded 
as a first-class sohool for mechanical engineers. Every one 
felt that the quality of his workmanship was fully under¬ 
stood; and, if he had the right stuff in him, and was 
determined to advance, that his progress in skill would bo 
thoroughly appreciated. It is scarcely necessary to point 
ont how this feeling, pervading the establishment, must 
have operated, not only in maintaining the quality # of the 
work, but in improving the oharacter of the workmen. The 
results were felt in the increased practical ability of a largo 
number of artisans, some of whom subsequently rose to 
the highest distinction. Indeed it may be said that what 
Oxford and Cambridge ore in letters, workshops euoh as 
Maudslay’s and Penn’s are in mechanics. Nor can Oxford 
and Cambridge men be prouder of the connection with their 
respective colleges than mechanics such 4S "Whitworth, 
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Nasmyth, Koborts, Muir, and Lewis, are of their connec¬ 
tion with the school of Maudslay. For all these dis¬ 
tinguished engineers at one time or another formed part 
of his working staff, and were trained to the exercise of 
their special abilities under his own eye. Tho result has 
been a development of mechanical ability the like of which 
perhaps is not to be found in any age or country. 

Although Mr. Maudslay was an unceasing inventor, he 
troubled himself very little about patenting his inventions. 
He considered that the superiority of his tools and tho 
excellence of his work were his surest protection. Yet he 
had sometimes tho annoyance of being threatened with 
actions by persons wbo bad patented the inventions which 
he himself had made.* ITe was much beset by inventors, 
sometimes sadly out at elbows, but always with a bound¬ 
less fortune looming before them. To such as applied to 
him for advice in a frank and candid spirit., he did. not 
hesitate to speak freely, and communicate the results of 
his great experience in the most liberal manner; and to 
poor and deserving men of this class bo was often found as 
ready to help them with bis purao os with his still more 
valuable advice. He bad a singular way of estimating the 
abilities of tboso wbo thus called upon him about their 
projects. The highest order of man was marked in his 
own mind at 100; and by this ideal standard he mea¬ 
sured others, sotting tbcm down at 90, 80, and so on. A 
very first-rate man he would set down at 95, but men of 
this rank were exceedingly rare. After an interview with 
one of. the applicants to him for advice, he would say to 


* Ilis principal patents were—two, 
taken out in 1805 end 1808, while in 
Margaret Street, for printing calicoes 
(Nos. 2872 and 8117); one taken out 
in 1806, in conjunction with Mr. 
Donkin, for lifting heavy weights 
(2948); one token out in 1807, while 
a tit! in Margaret Street, for improve¬ 
ments ip the steorp-engine, reducing it{( 


parts and rendeiing it more compact 
and portable (3050); another, tnken 
out in conjunction with Robert Dickin¬ 
son in 1812, for sweetening water and 
other liquids (8538); and, lastly, a 
patent taken out iu conjunction with 
Joshua Field in 1824 for preventing 
concentration or brine in hollers (5021), 
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his pupil Nasmyth, “Jam, I. think that man may ho sot 
down at 45, but he might be worked up io 60 ”—a common 
enough way of speaking of (ho working of a stoam-ongino, 
but a somewhat novol though by no means an inexpressive 
method of estimating the powors of an individual. 

But while he had much toloration for modest and meri¬ 
torious inventors, ho had a great dislike for secret-mongers, 
—sohemors of tLo close, cunning sort,—and usually made 
short work of them. Ho had an almost equal aversion 
for what he called the “ fiddle-faddle inventors,” with 
their omnibus patents, into which they packed every pos¬ 
sible thing that their noddles could imagine. “ Only once 
or twice in a century,” said ho, “ docs a great inventor 
appear, and yet here wo have a set of fellows eaoh taking 
out as many patents as would fill a cart,—some of them 
oinbodying not a single original idea, but including in their 
specifications all manner of modifications of well-known 
processes, as well as anticipating the arrangements which 
may become practicable in the progress of mechanical 
improvement.” Many of these “ patents ” he regarded as 
mere pit-falls to catch the unwary; and he spoke of such 
“ inventors” as the posts of the profession. 

The personal appearance of Henry Mandalay was in 
correspondence with his character. He was of a com¬ 
manding prosenco, for ho stood Ml six foot two inches in 
height, a massive and portly man. His face was round, 
full, and lit up with good humour. A fine, largo, and 
square forehead, of the grand constructive order, domi¬ 
nated over all, and his bright keen eye gave energy and 
life to his countenance. He was thoroughly “jolly" and 
good-natured, yet full of force and character. It was a 
positive delight to hear liis cheerful, ringing laugh. He 
was cordial in manner, and his frankness set everybody at 
their ease who had occasion to meet Him, even for the 
first timo. No one could bo more faithful and consistent 
in his friendships, nor more firm in tiro hour of adversity. 
In fine, Henry Maudslay was, as described bv his friend 
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Mr. Nasmyth, llio very beau ideal of an lionest, upright, 
straight-forward, hard-working, intelligent Englishman. 

A severe cold which, he caught on his way home from 
one of his visits to Franco, wus the causo of his death, 
which occurred on the 14th of February, 1831. The void 
which his decease causod was long and deeply felt, not 
only by his family and his large circle of friends, but by 
his workmen, who admired him for his industrial skill, 
and loved him because of bis invariably manly, generous, 
and upright conduct towards thorn. Ho directed that ho 
should be buried in Woolwich parish-churchyard, where 
a east-iron tomb, made to his own design, was erected ovor 
his remains. He had evor a warm heart for Woolwich, 
whore he had been bom and brought up. lie often 
returned to it, sometimes to cany his mother a sharo of 
his week’s wages wliilo she lived, and afterwards to re¬ 
fresh himself with a sight of the neighbourhood with 
which ho had boon so familiar when a hoy. He liked its 
green common, with the soldiers about it j Shooter’s Hill, 
with its out-look over Kent and down tha valloy of the 
Thames; the river busy with shipping, and the royal craft, 
loading and unloading their armamonts at the dockyard 
wharves. He liked the clangour of the Arsenal smithy 
where he had first learned bis art, and all the busy in¬ 
dustry of the place. It was natuml, therefore, that, being 
proud of his early connection with "Woolwich, ho should 
wish to lio there; and Woolwich, on its part, let us add, 
has equal reason to be proud of nenry Maudslay. 
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CHAPTER XIII. 
Joseph Clement. 


<« It is almost imposs.Lle to over-estimate the importune* of these 
inventions. The (3reeks would hive elevated their authors among the 
gode; nor will the enlightened judgment of modem times deny them the 
place among their fellow-men whieh is so undeniably their dnc."— Edin¬ 
burgh Review. _ 

That skill in. mechanical contrivanco is a matter of educa¬ 
tion and training as well as of inborn faculty, is clear from 
the faot of so many of our distinguished mechanics under¬ 
going tho same kind of practical discipline, and perhaps 
still more so from tho circumstance of so many of thorn 
passing through the same workshops. Thus Maudslay and 
Clement were trained in tho workshops of Bramah; and 
Roberts, 'Whitworth, Nasmyth, and others, were trained in 
those of Maudslay. 

Joseph Clement was bora at Groat Ashby in Westmore¬ 
land, in tho year 1779. His father was a hand-loom 
weaver, and a man of romarkablo culture considering his 
humble station in life. He was an ardent student of 
natural history, and possessed a much more complete 
knowledge of several sub-branches of that soience than 
was to have been looked for in a common working-man. 
Ono of the departments which he specially studied was 
Entomology. In bis leisure hours he was accustomed to 
traverse tho country searching the hedge-bottoms for 
beetles and other inseots, of which ho formed a remarkably 
complete collection; and tho capture of a rare specimen 
was quite an event in his life. In order more delibe¬ 
rately to study tbo habits of tiro boo tribe, ho had a 
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number of hives constructed for the purpose of enabling 
him to watch their proceedings without leaving his work; 
and the pursuit was a souroe of the greatest pleasure to 
him. He was a lover of all dumb creatures; his cottage 
was haunted by birds whioh flew in and out at his door, 
and somo of them became so tame as to hop up to him and 
feed out of his hand. “ Old Cloment ” was also a hit of a 
mechanic, and such of his leisure moments as ho did not 
devote to insect-hunting, wore emplo 3 r ed in working a lathe 
of his own construction, which lie used to turn his bobbins 
on, and also in various kinds of amateur mechanics. 

His hoy Joseph, like other poor men’s sons, was early 
set to work. Ho received very little education, and learnt 
only the merest rudiments of reading and writing at the 
village school. The rest of his education he gave to him¬ 
self as he grew older. His father needed his help at tho 
loom, where ho worked with him for some years; hut, ns 
handloom weaving was gradually boing driven out by im¬ 
proved mechanism, tho father prudently rosolved to put 
his son to a bettor trade. They havo a saying in Cumber¬ 
land that when the bairns reach a certain age, they are 
thrown on to the house-rigg, and that those who stick on 
aro made thatohers of, while those who fall off are sent to 
St. Bees to bo made parsons of. Joseph must have been 
one of those that stuck on—at all events his father decided 
to make him a thatoher, afterwards a slater, and he worked 
at that trade for five years, between eighteen and twenty- 
three. 

The son, like tho father, had a strong liking for me¬ 
chanics, and as the slating trado did not keep him in regular 
employment, especially in winter time, he had plenty of 
opportunity for following the bent of his inclinations. Ho 
made a friend of tho village blacksmith, whose smithy he 
was accustomed to frequent, and thore he learned io work 
at the forgo, to handle tho hammer and file, and in a short 
time to shoe horses with considerable expertness. A cousin 
of his named Favor, a clock and watehmakor by trade, 
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having returned to tho village from London, brought with 
him some boohs oil mechanics, which ho lent to Joseph to 
road; and they kindled in liim an ardent desire to ho a 
mechanic instead of a slater. He nevertheless continued 
to maintain himself by tho latter trade for somo time 
longer, until his skill had grown ; and, by way of cultivat¬ 
ing it, he determined, with the aid of his friend tho village 
blacksmith, to make a turning-latho. The two set to work, 
and tho result was tho production of an articlo in evory 
way superior to that made by Cloment’s father, which was 
accordingly displaced to make room for the new machine. 
It was found to work very satisfactorily, and by its means 
Joseph proceeded to turn fifes, Antes, olarineis, and haut¬ 
boys ; for to his other accomplishments ho joinod that of 
music, and could play upon tho instruments that ho mado. 
One of his most ambitious efforts was tho making of a 
pair of Northumberland bagpipes, which ho finished io his 
satisfaction, and performed upon to tho groat delight of tho 
villagers. To assist his futhor in his entomological studies, 
ho oven contrived, with tho aid of tho descriptions given in 
tho hooks borrowed from his cousin tho watch mill; or, to 
make for him a microscope, from which ho proceeded to 
make a reflecting tolescope, which proved a vory good 
instrument. At this oarly poriod (J 804) he also sooms to 
nave directed his attention to screw-making—a branch of 
mechanics in which he afterwards became famous; and ho 
proceeded to make a pair of vory satisfactory dio-stocks, 
though it is said that lio had not beforo soon or oven heard 
of such a oontrivaneo for malting sorews. 

So olever a workman was not likoly to remain long a 
village slater. Although the ingonious piocos of work 
which lie turned out by his lathe did not bring him in 
much money, lie liked the occupation so much bolter than 
slating that bo was gradually giving up tliat trade. ITis 
father urged him to stick to slating ns “ a safe thing; - ’ Inti 
liis own mind was in favour of following his inslinet to lio 
a mechanic; and at length ho determined to leave liin village 
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and seek work in u now lino. lie succeeded in finding 
employment in a small factory at. Kirby Stephen, a town 
some thirteen miles from Great Ashby, where he worked 
at making power-looms. From an old statement of account 
against his employer which we have seen, in his own 
handwriting, datod the Oik Soptember, 1805, it appears that 
his earnings at snob work ns “fitting the first set of iron 
loames,” “ fitting up shittlos,” and “ making meddles,” wore 
08 . 6d. a day; and ho must, during the same time, have 
livod with his employer, who chargod him as a set-off “ 14 
woaks bord at 8 s. per weak.” He afterwards seoms to have 
worked at piece-work in partnership with one Andrew 
Gamble—supplying the matorialB as well as the workman¬ 
ship for the looms and shuttles. His omployer, Mr. George 
Dickinson, also seems to havo bought his reflecting tolo- 
soope from him for the sum of 121 . 

From Kirby Stephen Gloment romovod to Carlisle, whore 
lie was employed by Forster and Sons during the next 
two years at the same description of work; and he con¬ 
ducted himBolf, according to their certificate on his leaving 
their employment to proceed to Glasgow in 1807, “with 
groat sobriety and industry, entirely to their satisfaction.” 
While working at Glasgow as a turner, he took lessons in 
drawing from Poter Nicholson, the well-known writer on 
carpentry—a highly ingenious man. Nicholson happened 
to call at the shop at which Gloment worked in ordor to 
nmko a drawing of a power-loom; and ClomentV expres¬ 
sions of admiration at his oxpertnoss woro so enthusiastio, 
that Nioholson, ploased with the youth’s praiso, asked if ho 
could ho of service to him in any way. Hmboldoned by 
the offor, Clement roqnostod, as tho groatost favour ho 
could ooufor upon him, to havo the loan of the drawing ho 
had just mado, in ordor that ho might oopy it, Tho requost 
was at once complied with; and Gloment, though very poor 
at tho time, and soaroely ablo to buy cnndlo for the long 
winter evenings, sat up lalo every night until ho' had 
finished it. Though tho first drawing ho hud ever mado, 
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ho handed it book to Nicholson iiustoad of thcs original, tmd 
at first tho draughtsman did not recogniso that tlio drawing 
was not his own. When Clement told him that it was 
only the copy, Nicholson’s brief but emphatic praiso was— 
“Young man, you’ll do!” Proud to havo suck a pupil, 
Nicholson gonorously ofibred to givo him gratuitous lessons 
in drawing, which woro thankfully accepted; andClomout, 
working at nights with groat ardour, soon made rapid pro 
gress, and hocamo an export draughtsman. 

Trade hoiug -very alack in Glasgow at tho time, Clement, 
after about a year’s stay in tho place, accoplod a situation 
with Messrs. Leys, Masson, aud Co., of Ahordoon, with 
whom ho began at a guinea and a half a week, from which 
ho gradually roso to two guineas, and ultimately to three 
guineas. His principal work consisted in designing and 
making powor-looms for his employers, and fitting thorn 
up in difforont parts of the oountry. Ho continued to 
devote himself to tho Bfudy of praotical mechanics, und 
made many improvements in tho tools with which he 
worked. "While at Glasgow ho had made an improved 
pair of die-stocks for sorews; and, at Aberdeen, he made 
a turning-lathe with a sliding mandrill and guide-sorows, 
for outting screws, furnishod also with tho moans for cor¬ 
recting guide-screws. In tho same machine he introduced 
a small slide rest, into wliioh he fixed the tool for outting 
tho screws,—having novel 1 boforo seen a slide rest, though 
it is very probable he may have hoard of what Mandalay 
had already done in the same direction. Clement con¬ 
tinued during this period of his lifo an industrious solf- 
cultivator, occupying most of his spare hours in mechanical 
and landscape drawing, and in various studies.' Among tho 
papers left behind lnm wo find a ticket to a courso of in¬ 
struction on Natural Philosophy given by Frofossor Cop¬ 
land in tho Marisohal College at Abordoon, which Clement 
attended in the session of 1812-10; and wo do not doubt that 
our mechanic was among the most diligont of his pupils. 

Towards the end of 1810, after saving about 100/. out of 
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liia wages, Clement rosolvod to proceed to London for llio 
purpose of improving himself in his trade and pusliing ilia 
way in the world. Tho coach by which ho travelled set 
him down in Snow Hill, Holborn; and hie first thought 
was of finding work. He had no friend in town to consult 
on tho matter, so ho made inquiry of the coach-guard 
whether ho know of any porson in tho mechanical line in 
that neighbourhood. Tho guaul said, “Yes; tlioro was 
Alexander Galloway’s show shop, just round the corner, 
and ho omployed a large number of hands.” Ilunning 
round the corner, Clement looked in at Galloway’s window, 
through which he saw some lathes and other articles usod 
in machine shops. Next morning ho culled npon the owner 
of the shop to ask employment. “ What can you do ?” 
asked Galloway. “ I can work at tho forgo,” said Clement. 
“Anything else?” “I can turn.” “What elso?” “I 
can draw." “What!” said Galloway, “can you draw? 
Then I will ongage you.” A man who could draw or work 
to a drawing in tlioso days was regarded as a superior sort 
of mechanic. Though Galloway was ono of the leading 
tradesmen of his time, and had exoollent opportunities for 
advancement, lie missed them all. As Clemont afterwards 
said of him, “ He was only a mouthing oommon-council 
man, the height of whoso ambition was to ho an alderman j” 
and, liko most corporation colebrities, ho held a low rank 
in his own business. Ho very rarely wont into his work¬ 
shops Lo superintend or direct his workmen, leaving this 
to his foremen—a sufficient indication of the causes of his 
failuro as a moolmnio.* 


* Hr. (!;il lawny 1 1 Hal up for 
I,nnl PunAonnld n war steamer, ot 
which tho hi to W. Bridges Adams 
gave # curious account ill Tho 
JSngineer. Ilio Lordship wits con¬ 
sulting engineer, and Mr. Gallowny 
tho executive. The steamer was fitted 
with engines, and had hales cut in 
liar bottom, covered with air-tight 


puddle-cases, >n which tho paddles 
worn buried, ami concealed from nil 
hut such fishes as might pass below 
her bottom. When the steamer was 
tried, tho only result was to fill the 
Middle-cases with water, and churn it 
tistily therein. It would have mode 
an aumirablo butter machine, but 
there was no jot of propulsion, and 
B 
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On entering Galloway's shop, Clement was first omployccl 
in worlring at Uio lathe; hut finding tlio tools t-o bad 
that it was impossible to exoouto satisfactory work with 
them, lie at onco wont to the forgo, and bogau making 
a new set of tools for himself. The othor men, to whom 
such a proceeding was entirely now, came round him to 
observe his operations, aud they were much struck with 
his manual dexterity. The tools made, ho proceeded to 
use them, displaying what seemed to the othor workmen 
an unusual dogreo of onorgy and intelligence; and somo 
of the old hands did not hoBitato alroady to pronounoo 
Clement to ho the best mechanic in the shop, ‘When 
Saturday night oarno round, tlio other men were curious to 
know what wages Galloway would allow tho new hand ; 
and when lie had hoen paid, thoy asked him. “ A guinea," 
was the reply. “ A guinea! Why, you are worth two if 
you are worth a shilling,” said an old man who on mo out 
of the rank—an excellent moohanio, who, though com¬ 
paratively worthless through his devotion to drink, know 
Clement’s money value to his employer hcltor than any 
man (lioroj and he added, “Wait for a weok or two, 
and if you are not hotter paid than this, I oan toll 
you of a master who will give you a fairer wngo." 
Several Saturdays came round, but no advance was 
made on the guinea a week; and then tho old workman 
recommended Clement to offer himself to Bramah at 
Timlico, who was always on the look out for first-rate 
mechanics. 

Clemoht acted on the advice, and lock with him somo 


tho process could be performed na well 
lit anchor no under weigh. Tlio wnler- 
levei whs then kept down by the in¬ 
jection of air into tho paddle-cases, 
Tho steamer was, again tried, but It 
was still found immovable. The holes 
In the bottom of the ship were then 
boarded up, and she sailed on her 
voyage to Chib. She rounded Cape 


Horn, and arrived at her destination. 
Tlio boards wore taken oil hor bottom, 
steam was got up in tlio boilers, anil, 
niter an unavailing attempt lo propel 
her six miles, she was moored in the 
Fisherman’s Bay, where she wont 
down at her anchors in a northern 
gale, after having cost tlio Chilian 
Government upward? of 80,0001. 




Ciur. XIII. SETS UP ON HIS OWN ACCOUNT. 


243 


of liiw drawing*, at sight of which Bramah immediately 
engaged him for a month; and at the ond of that time ho 
had given so much satisfaction, that it was agreed ho 
should continue for three months longer at two guineas 
a week. Clement was placed in charge of the tools of the 
shop, and he showed himself so apt at introducing im¬ 
provements in them, as well ns in organizing the work 
with a view to despatch and economy, that at the end of 
tho term Bramah made him a handsome present, adding, 
“ If I had secured your servioes five years since, I would 
now have been a rioher man by many thousands of pounds." 
A formal agreement for a term of five years was then 
oulored into between Bramah and Clement, dated the lBt 
of April, 1814, by which the latter undertook to fill the 
office of chief-draughtsman and superintendent of the Pim¬ 
lico Works, in consideration of a salary of throe guineas 
a week, with an advanco of four shillings a week in each 
succeeding year of the engagement. This arrangement 
proved of mutual advantage to both. Clement devoted 
himself with inoroosod zeal to the improvement of the 
moohanical arrangements of the concern, exhibiting his 
ingonuity in many ways, and taking a genuine pride in 
upholding the oharacter of his master for turning out first- 
class work. 

On the death of Bramab, liis sons returned from oollege 
and entered into possession of the business. They found 
Cloment the ruling mind there, and grew jealous of him 
to such an oxtont that his situation became uncomfortable ; 
and by mutual consent he was allowed to leave before the 
expiry of his term of agreement. Ho had no difficulty in 
finding -employment; and was at once taken on as ohiof 
draughtsman at Maudslay and Field’s, where he was of 
muoh assistance in proportioning the early marine engines, 
for tho manufacture of whioh that firm woro becoming 
celebrated. After a short time, ho became desirous of be¬ 
ginning business on his own aocount as a meohanieal 
engineer. Ho was encouraged to do this by the Duke oi 

it 2 
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Northumberland, who, being a great lover of mechanics and 
himself a capital tumor, usod often to visit Maudslay’s, 
and thus becamo acquainted with Olcmont, whose expert- 
nosB os a dmughtsraan and mechanic he greatly admired. 
Being a man of frugal and sober habits, always hooping his 
expenditure very considerably within his income, Clement 
had boon enabled to accumulate about 5001., which ho 
thought would bo enough for his purpose; and ho accord¬ 
ingly proceedod, in 1817, to take a small workshop in 
Prospect. Place, Newington Butts, whore ho began business 
as a mechanical draughtsman and manufacturer of small 
machinery requiring first-class workmanship. 

Prom the time when ho took his first gratuitous lessons 
in drawing from Peter Nicholson, at Glasgow, in 1807, ho 
had boon steadily improving in this art, the knowledge of 
which is indispensable to whoever aspires to eminonco 
as a mechanical engineer,—until by general consont 
Clement was confessed to stand unrivalled as a draughts¬ 
man. Some of the very best drawings contained in the 
Transactions of the Society of Arts, from the year 1817 
downwards,—especially those requiring the delineation of 
any unusually elahoraio piece of machinery,—proceeded 
from the hand of Clemonl. In some of those, he reachod a 
degree of truth in moohiraical porspootivo whioh has novor 
hocn surpassed.* To facilitate his labours, ho invented an 
oxtremoly ingenious instrument, by moans of whioh ellipses 
of all proportions, as well as ciroles and right lines, might 
he geometrically drawn on paper or on oopper. Ho took 
his idea of this instrument from llio trammol used by car- 


* Roe more particularly Tho Trans¬ 
actions of the Society for the En- 
coumyement of Arts, vol. xxxiii. 
(1817), at pp. 7-1,157,100, 17S, 208 
(an admirable drawing of Mr. James 
Allen’s Theodolite.) j vol. xxxvi, (1818), 
pp. 28, 176 (a series of remarkable 
illustrations of Mr. Clement’s own In- 
veatwn of an Instrument for Drawing 


Ellipses) j vol. xliii. (18231, containing 
an illustration of the Plowing Tuble 
invented by him for Inigo drawings [ 
vol. xlvl. (1828), containing a aeries oi 
elaborate Illustrations of his PrizoTnni- 
lag Lathe; and xlvili. (1829), contain- 
ing Illustrations of bis Self-adjusting 
Double Driver Centre Ohtrok. 
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ponters for drawing imperfect ellipses; and when ho liad 
snooocded in avoiding the crossing of the points, he pro¬ 
ceeded to invent the straight-line motion. For this in 
vention the Sooiety of Arts awarded him their gold medal 
in 1818. Some years later, ho submitted to the same 
Sooiety liis invention of a stand for drawings of large size. 
ITo had experienced considerable difficulty in making such 
drawings, and with his aooustomed readiness to overcome 
obstacles, ho forthwith set to work and brought out his 
new drawing-table. 

As with many other original-minded mechanics, inven¬ 
tion became a habit with him, and by study and labour 
lie rarely failed in attaining the objocl which ho had bent 
liis mind upon accomplishing. Indeed, nothing pleasetf 
him bettor than to havo what he called “ a lough jobas 
it stimulated his inventivo faculty, in the exorcise of which 
he took the highest pleasure. Henco mechanical schemers 
of all kinds wore accustomed to rosort to Clement for 
help when they had found an idea which they desired to 
embody in a machine. If there was any value in their 
idoa, none could be more ready than he to recognise its 
merit, and to work it into shape; hut if worthless, bo spoke 
out bis mind at once, dissuading tlio projeotor from wasting 
upon it further labour or expense. 

One of tho important branches of practical mechanics to 
which Clement continued tlirongh life to devote himself, 
was the improvement of self-acting tools, more espeoially 
of the slido-lathe. Ho introduced various improvements in 
its construction and arrangement, until in his hands it 
boeamo as nearly perfect os it was possible to bo. In 1818, 
ho furnished the lathe with a slide rest twenty-two inches 
long, for the purpose of cutting screws, provided with the 
means of self-correction; and'somo years later, in 1827, 
the Society of Arts awarded him their gold Isis modal for 
his improved turning-lathe, whioh embodied many inge¬ 
nious oontrivanoes calculated to inoroaso its preoision and 
acouraoy in large surface-turning. 
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T2io beautiful arrangements embodied in Mr. 01 cmont’s 
improved latbe onn with difflouity be dosoribod in worclx: 
but its ingenuity may bo inferred from a brief statement of 
tho defects which it was invontod to remedy, and which it 
successfully overcame. When tho mandrill of a lathe, 
having a metal plate fixed to it, turns round with a uni¬ 
form motion, and the slido rest which carries tho cuttor is 
moving from tho oiroumforeuco of tho work to tlio conlro, 
it will be obvious that tho quantity of moiul passing over 
the edge of tho outtor at each revolution, and therefore at 
equal intervals of time, is continually diminishing, in exact 
proportion to tho spiral lino described by tho cutter on tho 
face of the work. But in turning motal platoB it is found 
very inexpedient to increase tho speed of tho work boyond 
a certain quantity; for when this happens, and tho tool 
passes the work at too great a velocity, it hoats, softons, 
and is ground away, the edge of tho cuttor becomes dull, 
and tho surface of the plate is indented and burnished, 
instead of being tinned. Honoo loss of time on tbo part 
of tlie workman, and diminished work on tho part of the tool, 
results which, considering the wages of tho ono and tho 
capital expended on the construction of tho olhor, aro 
of no small importance; for tho prime objoots of all im¬ 
provement of tools are, eoonomy of timo and economy of 
capital—to minimize labour and cost, and maximize rosnll. 

Tbo defect lo which wo havo referred was almost tho 
only remaining imperfootion in tho lathe, and Mr. Ulomont 
overcame it by making tho maohiuo self-regulating; so 
that* whatovor might he the situation of tho cutter, oquul 
quantities of metal should pass over it in equal timos,—tho 
speed at the centro not exooeding that suited to the work 
at the ch'oumfei’ence,—wliilo tho workman was onahlod 
to convert the varying rate of tho mandrill into a uni¬ 
form one whenever ho ohoso. Thus tho expedients of 
whoels, riggers, and drums, of different diameters, by 
whioh it had been endeavoured to alter the speed of tho, 
lathe-mandrill, according to tho hardnoss of tho motal and 
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the diameter of the thing to he turned, were effeotually 
disposed of. These, though answering very woll where 
cylinders of equal diamotcr had to he bored, and a uni¬ 
form motion was all that was required, wore found very 
inefficient where a plane surface had to he turned; and it 
was in such cases that Mr. Glemont’s lathe was found so 
valuable. By its me aim surfaces of unrivalled correctness 
wore produced, and the slido-latho, so improved, became 
recognised and adopted as tlio most accurate and exten¬ 
sively applicable of all machine-tools. 

The year after Mr. Clement brought out his improved 
turning-lathe, he added to it his self-adjusting double 
driving centre-clmok, for which the Society of Arts awarded 
him tlieir silver medal in 1828.' In introducing this in¬ 
vention to the notice of the Society, Mr. Clomont said, 
“ Although 1 have been in the habit of turning and making 
turning-lathes and other machinery for upwards of thirty- 
five yearn, and have examined the best turning-lathes 
in tlio principal manufactories throughout Groat Britain, I 
find it universally regretted by all practical men that they 
cannot turn anything perfectly truo between the centres of 
tlio latho." It was found by experience, that there was a 
dogree of eccentricity, and consequently of imperfection, 
in the figure of any long oylindor turnod while suspended 
between the ooutros of the lathe,-and made to revolve by 
the action of a single driver. Under suoli oiroumstanoos 
the prossuro ol the tool tendod to foroo the work out of the 
right lino and to distribute the strain between the driver 
and tho adjacent ccntro, so that one end of the cylinder 
booamo ocoontrio with respoct to the other. By Mr. Cle¬ 
ment’s invention of the two-armed driver, which was self- 
adjusting, tho strain was taken from the centre and divided 
between tlio two anus, which being equidistant from the 
contro, effectually corrected all oceontrioity in tho work. 
This invention was found of groat importance in ensuring 
tlio truo turning of largo maohinory, which before had been 
found a matter of considerable difficulty. 
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In tho same yea.' (1828) Mr. Cl omen t began the milking 
cf fluted taps and dies, and bo established a mechanical 
practice with reference to tko jiitch of the screw, which 
proved of the greatest importance in the economies of ma¬ 
nufacture. Before his timo, each mechanical engineer 
adopted a thread of his own; so that when a piece of work 
came under repair, tho scrow-hoh had usually 1o be drilled 
out, and a new thread was introduced according to tho 
usage which prevailed in the shop in which the work was 
executed. Mr, Clement saw a groat waslo of labour in 
this practice, and he promulgated tho idea that every serow 
of a particular length ought to bo furnished with its 
appointed number of threads of a settled pitch. Taking 
the inoh as the basis of his calculations, ho determined 
the number of threads in each ease; and tho practice thus 
initiated hy him, recommended as it was by convenience 
and economy, was very shortly adopted throughout the 
trade. It may bo mentioned that one of Clement’s ablest 
journeymen, Mr. "Whitworth, has, since his timo, boon 
mainly instrumental in establishing tho soltled practice; 
and Whitworth’s thread (initialed by Clemont) lias become 
rooognisod throughout tho mechanical world. To carry 
out his idea, Clemont invontod his sorow-engino lathe, 
with gearing, mandrill, and sliding-table wheel-work, by 
means of which ho first cut tho inside sci'ow-iools from the 
loft-bonded hobs—the revovso mode having before- been 
adopted,—while in shaping maoliinos ho was ilio first, lo 
use the revolving oultor altuchod to tho slido rest. Then, 
in 1828, he fluted tho taps for the first timo with a revolv¬ 
ing outtor,—other makers having up to that timo only 
notched them. Among his other inventions in screws may 
ho mentioned his headless tap, which, according to Mr. 
Nasmyth, is so valuable an invontion, that, “if ho had 
done nothing else, it ought to immortalize him among 
meobanios. It passed right through the liolo to bo tapped, 
and was thus enabled to do the duty of threo ordinary 
Borews.” By these improvements much greater precision 
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was secured in llio manufacture of tools ancl machinery, 
accompanied by a greatly rodnoed cost of production; the 
results of which are folt to this day. 

Another of Mr. Clomont’s ingenious inventions was his 
Pinning Machine, by means of which metal plates of large 
dimensions were planed with perfect truth and finished 
with beautiful accnracj'. There is perhaps scarcely a ma¬ 
chine about which there has beon more controversy than 
this; and wo do not protend to bo ablo to dotermino the 
respective merits of the many ablo mechanics who lmye 
had a hand in its invention, It is exceedingly probable 
that others besides Glemont worked out the problem in 
their own way, by independent methods; and this is con¬ 
firmed by the circumstance that though the results achieved 
by the rospeotive inventors were the same, the methods 
employed by thorn woro in many respects different. As 
regards Clement, wo find that previous to tho year 1820 
ho had a machino in rognlar use for planing tho triangular 
bars of lathes and tho sidos of weaving-looms. This in¬ 
strument was found so useful and so economical in its 
working, that Clement proceeded to elaborate a planing 
machine of a more complote kind, whioh he finished and 
sot to work in the yoar 1825. He prepared no model of it, 
but made it direct from tho working drawings; and it was 
so nicely constructed, that whon put together it wont 
without a hitoli, and has continued steadily working for 
moro than thirty yoars down to the present day. 

Clement took out no patent for his invention, relying 
for protection mainly on his own and his workmen’s skill 
in using it. We therefore find no specification of his 
machino at tho Patont Office, as in tho case of most other 
capital inventions; but a vory complote account of it is to 
be found in the Transactions of iho Sooioty of Aits for 1832, 
as described by Mr. Yarley. Tho practical value of the 
Planing Maohino mduood tho Society to apply to Mr. Cle¬ 
ment for liberty to publish a full description of it; and 
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Mr. Valley's paper was the result* It may bo briefly 
stated that this engineer's plane differs greatly from the 
carpenter’s plane, the cuLter of which is only allowed to 
project so far as to admit of a thin shaving to be sliced 
off,—the plane working flat in proportion to the width of 
the tool, and its length and straightness preventing the 
cutler from descending into any hollows in tho wood. 
The engineer's plane more resembles tho turning-latho, of 
which indeed it is bat a modification, working upon the same 
principle, on flat surfaces. Tho tools or cuttors in Cle¬ 
ment’s machine were similar to those used in the lathe, 
varying in like manner, but performing tlioir work in 
right lines,—the tool being stationary and tho work moving 
under it, the tool only travelling when making lateral 
cuts. To save time two onttors woro mounted, ono to cut 
tho work while going, the other while returning, hath being 
so arranged and hold as to he presented to tho work in tho 
firmest manner, and with tho least possihlo friction. Tho 
bed of the maohino, on which tho work was kid, passed 
under tho cuttors on perfoetly trim rollers or whcols, 
loilgod and hold in tlioir bearings as accurately as tho host 
mandrill could he, and having sot-scrows acting against 
tlioir ends totally preventing all end-motion. Tho maohino 
was beddod on a massive and solid foundation of masonry 
in heavy hlooks, the support at all poinls hoing so com¬ 
plete us offootually to destroy all tendency to vibration, 
with tho object of scouring lull, round, and quiet onto. 
Tho rollors on which tho planing-maeliino travelled wore 
so truo, that Clement himself used to say of them, “If 
you were to put hut a paper shaving under ono of tho 
rollers, it would at onoo stop all tho rost.” Nor was this 
any oxaggoration—the entire meohanism, notwithstanding 
its great size, hoing as true and accurate as that of a wntoli. 


* Tratisaciiona of the Society for the Encouragement of Arte vol. tilx, 
p. 157. 
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By an ingenious adaptation of tlio apparatus, which will 
also be found described in tbe Sooioty of Arts paper, the 
planing machine might be fitted with a lathe-bed, either 
to hold two centres, or a head with a suitable mandrill. 
"When so fitted, the machine was enabled to do the work 
of a turning-lathe, though in a different way, outting 
cylinders or conos in thoir longitudinal direction perfectly 
straight, as well as solids or prisms of any angle, oither 
by the longitudinal or lateral motion of the cutter; whilst 
by making the work revolvo, it might bo turned as in any 
other lathe. • This ingenious maohinc, as contrived by 
Mr. Clement, therefore represented a complete union of 
the turning-lathe with the pinning machine and dividing 
ongine, by which turning of the most complicated kind 
might readily he executed. For ton yearn after it was 
set in motion, Clement’s was the only machine of the sort 
available for planing largo work; and being consequently 
very much in request, it was often kept going night and 
day,—tlio earnings by the planing machine alone during 
that time forming tbo principal income of its inventor. 
As it took in a piece of work Bix feet sqnare, and as his 
charge for planing was tliree-halfpence the square inch, or 
' cightooh shillings the square foot, he could thus earn by 
. his machine alone some ton pounds for overy day’s work 
of twelve hours. Wo may add that sinco planing machinos 
in various forms have become common in mechanical 
workshops, the cost of planing doos not amount to moro 
than throo-halfpcnce the squaro foot. 

The excellence of Mr. Clement’s tools, and his well- 
known skill in designing and executing work requiring 
unusual accuracy and finish, lod to his being employed by 
Mr. Babbago to make his celebrated Calculating or Differ¬ 
ence Engine. Tho contrivance of' a maohine that should 
work out oomplioalod sums in orithmetio with period; 
precision, was, as may readily ho imagined, one of the 
most difficult feats of the meohanical intellect. To do this 
was in an ospooial sorso to stamp mattorwith tlio im< 
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press of mind, and render it subservient to the highest 
thinking faculty. Attempts had keen made at an early 
period to perform arithmetical calculations by moehanical 
aids more rapidly and precisely than it was possible to do 
by the operations of tho individual mind. The preparation 
of arithmetical tablos of high numbers involvod a vast deal 
of labour, and evon with tiro greatest oare errors were 
unavoidable and numerous. Thus in a multiplication-tablo 
prepared hy a man so eminont as Dr. Hutton for tho Board 
of Longitude, no fewer than forty errors wore discovered 
in a singlo page taken at random. In the tables of tho 
Nautical Almanac, whore tho groatest possible precision was 
desirable and necessary, more than five hundred errors woro 
detected by one porson; and the Tables of tho Board of 
Longitude wero found equally inoorreot. But such errors 
were impossible to bo avoided so long as tho ordinary modes 
of calculating, transcribing, and printing continued in uso. 

The earliest and simplest form of calculating apparatus 
was that employed by tho schoolboys of ancient Greece, 
culled tho Abacus ; consisting of a smooth board with 
a narrow rim, on which thoy woro taught to compute 
by means of progressive rows of pebbles, bits of bone 01 
ivory, or pieoos of silver coin, used as counters. Tho same* 
board, strewn over with sand, was used for teaching 
tho rudiments of writing and tho principles of geometry. 
Tho ltomaus subsequently adopted tho Abacus, dividing 
it by means of perpendicular lines or bars, and from tlio 
designation of calculus which thoy gave to each pobblo 
or counter employed on the board, wo have dorived our 
English word to calculate. The same instrument con¬ 
tinued to bo employod during the middle agos, and tho 
table used by the English Court of Exchoquor was but a 
modified form of the Greek Abacus, the choquorod lines 
across it giving tho designation to tho Court, which still 
survives. Tallies, from tho French word taillor to out, 
were another of tho mechanical methods employed to 
record computations, though in a very rude way. Step 
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by stop improvements wore made; iko most important 
being that invented by Napier of Merchiston, the inventor 
of logarithms, commonly oallod Napier's loiies, consisting of 
a number of rods divided into ten equal squares and num¬ 
bered, so that the whole when placed togother formed tlio 
common multiplication table. By these means various 
operations in multiplication and division were performed. 
Sir Samuel Morland, Gunter, and Lamb introduced other 
contrivances, applicable to trigonometry; Gunter’s scalo 
being still in common use. The calculating mackinos of 
Gerston and Pascal wore of a different kind, working out 
arithmetical calculations by means of trains of wheels and 
othor arrangements; and that contrived by Lord Stanhope 
for the purpose of verifying his calculations with respect 
to iho National Debt was of like character. But none of 
those will hear for a moment to be compared with the 
maohino designed by Mr. Babbago for performing arith¬ 
metical calculations and mathematical analyses, as well ns 
for recording the calculations when made, thereby getting 
rid entirely of individual error in the operations of calcu¬ 
lation, transcription, and printing. 

Tho French government, in their desire to promote tho 
extension of the decimal system, had ordored the construc¬ 
tion of logarithmioal tables of vast extent; but tho great 
labour and expense involved in tho undertaking prevented 
tho design from being carried out. It was reserved for 
Mr. Babbage to dovelope the idoa by means of a machine 
which ho called tho Difference Engine. This nmohino is 
of so complicated a oharaoler that it would bo impossible 
for us to give any intelligible description of it in words. 
Although Dr. Lardner was unrivalled in the art of de¬ 
scribing meolmuism, ho oocupied twenty-five psgos of tko 
• Edinburgh Review ’ (vol. 59) in ondeavonring to describe 
its aotion, and there were several features in it which ho 
gave up as hopeless. Some parts of the apparatus and 
modes of action are indeed extraordinary—and perhaps 
none more so than that for ensuring accuracy in the colon- 
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latod results,—tlio maohino actually ooiTOoting itself, and 
rubbing ilsolf baok into aoouracy, when tho disposition to 
err occurs, by tbo friction of tho adjacent maclunory! 
"When an error is mado, tho wheels become looked and 
refuse to procood; thus tho machine must go rightly or 
not at all,—an arraugemont as nearly resembling volition 
as anything that brass and steel are likoly to accomplish. 

This intricate subject was taken up by Mr. Babbago in 
1821, when ho undertook to superintend for the British 
govornmont tho construction of a machine for calculating 
and printing mathematical and astronomical tables. The 
rniodol first constructed to illustrate tho nature of his in¬ 
vention produced figures at the rate of 44 a minute. In 
182 J tho Eoyal Sooiety was requested to report upon the 
invention, and after full inquiry tho committee recom- 
mendod it as one highly dosorving of puhlio oncourago- 
mont. A sum of 1500 1 . was then placed at Mr. Bab¬ 
bage’s disposal by the Lords of the Treasury for the 
purpose of enabling him to perfect his invention. It was 
at this time that he engaged Mr. Clement as draughtsman 
and meohanio to embody his ideas in a working machine. 
Numerous tools were expressly contrivod by tbo latter for 
executing tiro several parts, and workmon woro specially 
educated for the purposo of using them. Souio idea of tho 
elaborate oharaotor of the drawings may he formed from 
tbo fact that those required for the calculating machinery 
alone—not to mention the printing machinery, which was 
almost oqually elaborate—covered not less than four hun¬ 
dred square feet of surfaoe! Tho cost of executing the 
calculating machine was of course very great, and tho pro¬ 
gress of the work was necessarily Blow. Tho consequence 
was that the government first beoame impatient, and then 
began to grumble at the expense. At the end of seven 
years tho engineer’s bills alone were found to amount to 
nearly 720 02., and Mr. Babbage’s costs out of pocket to 
70001. more. In order to make more satisfactory progress, 
it was determined to remove tho works to the noighhour- 
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hood of Mr. Babbage’s own residence; but as Clement’s 
claims for conducting tlio operations in tho now promises 
wero thought exorbitant, and as he himself considered that 
tho work did not yield him the average profit of ordinary 
employment in his own trade, he eventually withdrew from 
tho enterprise, taking with him the tools which ho had 
constructed for executing the maohine.* The government 
also shortly after withdrew from it, and from that time tho 
soheme was suspended, tho Calculating Engine remaining a 
beautiful but unfinished fragmont of a groat work. Though 
originally intended to go as far as twenty figures, it was 
only completed to tho extent of being capable of calcu¬ 
lating to the depth of five figuros, and two orders of dif¬ 
ferences ; and only a small part of the proposed printing 
machinery was evor made. The engine was placed in the 
museum of King’s Collego in 1843, enclosed in a glass case, 
until tho year 1802, when it was removed for a time to 
the Great Exhibition, whore it formed perhaps the most 
remarkable and beautifully executed pioce of meohanism— 
tho combined result of intelleotual and mechanical con¬ 
trivance—in the entire collection. - ) - 


* See Appekdix IV. 
t A complete account of the cal¬ 
culating machine, as well as of on 
analytical engine afterwards contrived 
by Air. Babbage, of still greater powor 
than the other, will he found in the 
Jlibiiothtijno [fniversellc do Qon&vc, 
of which a translation iuto English, 
with copious original notes, by tho late 
f.ady Lovelace, daughter cf I.ord Byron, 
was published in the 3rd vol.ofTaylor’s 
Scientific Memoir's (London, 1843). A 
history of the machine, and of the 
circumstances conneotcd with its con¬ 
struction, will also bo found inWcld’e 
lliatanj of tho Royal Society, vol. ii. 
300-391. It remains to be ndded, that 
tho perusal by Messrs. Sellouts of Stock¬ 
holm of Dr, Lardner’s account of Mr. 
Babbage’o engine io the Edinburgh 


Review, led those clover mechanics t« 
enter upon the scheme of constructing 
nud completing it, and tho result is, 
that their machine not only calculates 
the tables, but prints tho results. If 
took them nearly twenty years toper- 
foot It, but when completed the machiun 
seemed to ho almost capable of thinking. 
Tho original was exhibited at the Paris 
Exhibition of 1855. A copy of it has 
since been secured by the English 
Government at a cost of 1200/., and 
it Is now buBily employed at Somerset 
House in working out annuity and 
other tables for the Kegistnu'-General. 
The copy was constructed, with several 
ndmimt.de improvements, by tho Messrs, 
Donkin, the wolLkuowu mechanical 
engineers, after tbfl working drawing* 
of the Messrs. Sellouts, 
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Cl&ftcut waa on various other occasions invited to 
nndoriako work requiring extra skill, which oilior mo* 
olmnics wore unwilling or unable to oxocnto. Ho was 
thus always full of employment, never being under the 
necessity of canvassing for onstomors. Ho was almost; con¬ 
stantly in his workshop, in which ho took groat pride. 
His dwelling was ovor the office in tho yard, and it was 
with difficulty ho oould bo induced to leave tho pre¬ 
mises. On ono occasion Mr, Brunei of the Great Western 
it ail way called upon him to ask if he could supply him 
with a superior steam-whistle for his locomotives, tho 
wliistlos whioh they wore using giving forth very little 
sound. Clement oxaminod tho specimen brought by 
Brand, and pronounced it to be “ mere tallow-chandler’s 
work.” He undertook to supply a propor article, and 
after his usual fashion he proceeded to contrive a machine 
or tool for the express purpose of making steam-whistles. 
They wove made and supplied, and when mounted on the 
locomotive the effect was indoed “ sorooming.” They 
were hoard miles off, and Brand, delighted, ordered a 
hundred. Bnt when the bill carao in, it was found tliut 
tho charge made for them was vory high—as much as 40/. 
tho set. Tho company demurred at tho prioo,—Brand 
doolaring it to be six times more than tho price they had 
before been paying. "That may bo;” rejoined Clomouf, 
“ but mine are more than six timos hotter. You ordered a 
first-rate article, and you must bo content to pay for it,” 
The matter was referred to an arbitrator, who awarded tho 
full sum claimed. Mr. Weld mentions a similar oaso of 
an order which Clement received from America to malco 
a largo screw of given dimensions “ in tho host possible 
manner,” and he accordingly pi'oooodod to make ono 
with the greatest mathematical accuracy. But his bill 
amounted to some hundreds of pounds, which completely 
staggered the American, who did not caloulato on having 
to pay more than 201. at the utmost for tho screw. Tho 
matter was, however, referred to arbitrator^. who gave 
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thoir decision, as in the formor case, in favour of the 
mechanic.* 

One of the last works which dement executed as a 
matter of pleasure, was the building of an organ for his 
own use. It will be remembered that when working as a 
slater at Great Ashby, he had made flutes and clarinets, 
and now in his old age he determined to try his skill at 
making an organ—in his opinion the king of musical in 
etruments. The building of it became his hobby, and liis 
greatest delight was in superintending its progress. It 
cost him about two thousand pounds in labour alone, but 
he lived to finish it, and we have been informed that it 
was pronounced a very excellent instrument. 

Clement was a heavy-browed man, without any polish 
of manner or speech; for to the last he continued to uso his 
strong Westmoreland dialect. He was not educated in a 
literary sense; for he read but little, and could write with 
difficulty. He was eminently a mechanic, and had achieved 
his exquisite skill by observation, experience, and reflec¬ 
tion. His head was a complete repertory of inventions, on 
which he was constantly drawing for the improvement of 
mechanical praotice. Though ho had never more than 
thirty workmen in his factory, they were all of the first 
class; and the example which Clement set before them of 
oxtromo carofulneBs and accuracy in execution rendered 
his shop one of the best schools of its time for the training of 
thoroughly accomplished mechanics. Mr. Clement died 
in 1844, in his sixty-fifth year; after which his works 
were earned on by Mr, Wilkinson, one of his nophews; 
and his planing machine still continues in useful work. 


* I&k't'ii of the Royitl Society, i. 874. 
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CHAPTER XIV. 

Pox of Debbv —Mtjbbav or Leeds—Robkbts ahd 
Wuitwobth of Manchester. 


“ Fourniers nnd senators of states and cities, lawgivers, eatirpors of 
tyrants, fathers of the people, anil other eminent persons in civil govern¬ 
ment, were honoured lmt with titles of Worthies or ilomi-goda j whereas, 
such as were inventors and authors of new arts, endowments, and commo¬ 
dities towards man's life, were oyer consecrated amongst the gods them¬ 
selves.”—B acon, Advancement of Learning. 


While such were the advanoes made in the arts of tool- 
making and ongme-oonatruotion through the labours ol 
Bramah, Maudslay, and Clement, there were other mo- 
ohanios of almost equal eminence who flourished about the 
same time and subsequently in several of tho northern 
manufacturing towns. Among these may bo mentioned 
James Pox of Dorby; Matthew Murray and Teter Pair- 
bairn of Loods; Richard Roberts, Joseph Whitworth, 
James Nasmyth, and William Poirbaim of Manchester; to 
all of whom the manufacturing industry of Great Britain 
stands in the highest degree indebted. 

James Pox, the founder of tho Derby firm of mechanical 
engineers, was originally a butler in tho service of tho 
Rev. Thomas Qisbomo, of Foxhall Lodge, Staffordshire. 
Though a situation of this kind might not scorn by any 
means favourable fox the display of moohanioal ability, 
yet the butler’s instinct for handicraft was so strong that 
it could not be repressed; and his master not only en¬ 
couraged him in the handling of tools in his leisure hours, 
but bad so genuine an admiration of his skill as well ns 
his excellent qualities of oharaoter, that he eventually fin- 
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nishod him with tlio means of beginning business on hit 
own account. 

Tho growth and extension of the cotton, siik, and lace 
trades, in the neighbourhood of Derby, furnishod Pox with 
sufficient opportunities for the exercise of his meolianioal 
skill; and he soon found ample scope for its employment. 
His laco machinery became celebrated, and ho supplied it 
largely to the neighbouring town of Nottingham; ho also 
obtained considerable employment from tho great firms of 
Arkwright and Strutt—the founders of the modern cotton 
manufacture. Mr. Fox also became celebrated for his 
lathes, which wore of excellent quality, still maintaining 
their high reputation; and besides making largely for tho 
supply of the home demand, he exported much machinery 
abroad, to France, Bussia, and tbo Mauritius. 

The present Messrs. Fox of Dorby, who oontinuo to 
carry on the business of the firm, claim for their grand¬ 
father, its founder, that ho made the first planing machine 
in 1814,* and they add that the original article continued 
in use nntil quite recently. We have been furnished by 
Samuel Hall, formerly a workman at the Messrs. Fox’s, 
with tho following description of the maoliino:—“ It was 
ossontially tho same in principle as tho planing machine 
now in general use, although differing in detail. It had a 
solf-acting ratchet motion for moving tho slides of a com¬ 
pound slido rest, and a solfnoting reversing tackle, con¬ 
sisting of three hovel wheels, ono a stud, one looso on tho 
driving shaft, and another on a socket, with a pinion on 
tho opposito ond of the driving Bhaft running on the socket. 
Tho other end was tho place for tho driving pulley. A 
clutch box was placed botwoon tho’ two opposito wheels, 
whioh was made to slide on a foather, so that by means of 
another shaft containing lovers and a tumbling ball, the 
box on reversing was carried from one bevel wheel to tho 
opposite one.” The same Jamos Fox is also said at a very 
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early period to liavo inventod a eorew-cutting machine, 
an online for aoonratoly dividing and cutting the teeth 
of wheels, and a self-acting lathe. But the ovidenoe ns 
to the dates at which those sovoral inventions are said to 
have been made is so conflicting that it is impossible to 
deoido with whom the merit of making thorn really rests. 
The same idoa is found floating at the same time in many 
minds, the like necessity pressing upon nil, and tho pro¬ 
cess of invention takes place in like mannor: honce tho 
contemporaneousness of so many inventions, and tho dis¬ 
putes that arise respecting them, as described in a previous 
chapter. 

There are still other claimants for tho merit of having 
invented the planing mnehino; among whom may ho men¬ 
tioned more particularly Matthew Murray of Loads, and 
Richard Roberts of Manchester. We were informed by 
tho lato Mr. March, mayor of Leeds, head of the cele¬ 
brated tool-manufacturing firm of that town, that when 
ho first went to work at Matthew Murray’s, in 1814, a 
planing maohine of his invention was used to plane tho 
oircular part or back of tho D valve, which he had by that 
time introduced in the Bteam-ongine. Mr. March says, 
“ I reoolloot it very distinctly, and oven the sort of fram¬ 
ing on which it stood. The maohine was not patented, 
and like many inventions in those days, it was kept as much 
a secret as possible, being locked up in a small room by 
itself, to which the ordinary workmen could not obtain 
aooeBS. The year in-which I remember it boing in use 
was, so far as I am aware, long beforo any planing-mackino 
of a similar kind had been invented.” 

Matthew Murray was horn at Stookton-on-Tocs in tho 
year 1763. His parents woro of the working class, and 
Matthew, like tho other members of tho family, was brought 
up with the ordinary oaroer of .labour hoforo him. When ot 
due ago his father apprenticed him to tho trade of a black¬ 
smith, in which he very soon acquired considerable ox- 
pertness. He married before his term had expired; after 
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winch, trade being slack at Stockton, he found it necessary 
to look for work elsewhere. Leaving his wife behind him, 
ho set out for Loods with his bundle on his back, and after 
a long journoy on foot, he reached that town with not 
enough money left in his pocket to pay for a bed at the 
Bay Horse inn, where ho put up. But telling the land¬ 
lord that ho oxpeetod work at Marshall’s, and seeming to 
bo a respectable young man, the landlord trusted him; and 
he was so fortunate as to obtain the job which he sought at 
Mr. Marshall’s, who was then beginning the manufacture 
of flax, for which the film has sinoe become so famous. 

Mr. Marshall was at that time engaged in improving the 
method of manufacture,* aud the young blacksmith was so 
fortunate or rather so dexterous as to he able to suggest 
several improvements in the machinery which secured the 
approval of his employer, who mado him a present of 20?., 
and very shortly promoted him to be the first mechanic in 
tbo workshop. On this stroke of good fortuno Murray 
took a hou6G at the neighbouring villago of Beeston, sent 
to Stookton for his wife, who speedily joined him, and he 
now felt himself fairly started in the world. He remained 
with Mr. Marshall for about twelve years, during which 
he introduced numerous improvements in the maohinory 
for spinning flax, and obtained the reputation of boing a 
first-rato mochanio. This induoed Mr. James Fenton and 
Mr. David Wood to offer to join him in tho establishment 

* We arc informed in Mr. Long- sum of nine hundred pounds alleged 
stnffe’s Annals and Characteristics of to be due under the agreement. Tho 
Darlington, that the spinning of flux claim was disputed, and Ivendrew lost 
by maohinory was first begun by one his action; and it Is added in Long- 
John ICondrow, an ingenious self- stnfl'e'e Annals, that even had he suc- 
tnught mechanic of that town, who ceeiled, it wouldliavo been of no use: 
invented a machine for tho purpose, for Mr. Marshall declared that he had 
fer which he toolc out a patent In not then tho money wherewith to pay 
1787. Mr. Marshall went over from him. It is possible that Matthew 
Leeds to see his machine, and agreed Murray may have obtained some ex. 
to give him so much per spindle for pericnoe of Max-machinery In working 
the right (o use it. But censing to tor Keudrew, which afterwards proved 
pay the patent right, Ivendrew coin- of use to him in Mr. Marshall’s esta> 
mencod an action against him for a bllshment, 
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of an engineering and machine-making factory at Leeds, 
which ho agreed to, and operations ■wore commenced at 
Ilolbeck in the year 1795. 

As Mr. Murray had obtained considerable praotioal 
knowledge of the steam-engine while working at Mr. Mar¬ 
shall’s, ho took principal charge of the engine-building 
department, while his partner Wood directed tho machino- 
making. In the branch of ongino-building Mr. Murray 
very shortly established a high reputation, treading close 
upon the heols of Boulton and Watt—so closo, indeed, that 
that firm became very jealous of him, and purchased a large 
piece of ground close to his works with tho object of pre¬ 
venting their extension.* His additions to the sloam- 
engine wore of great praotioal value, one of which, tho 
self-acting apparatus attaohod to the boiler for tho purpose 
of regulating tlve intensity of fire under it, and con¬ 
sequently the production of steam, is still in general use. 
This was invented by him as early as 1799. Ho also sub¬ 
sequently invented tho D slide valve, or at least greatly 
iinprovod it, while ho added to tho power of tho air-pump, 
and gave a new arrangement to the other parts, with aviow 
to the simplification of tho powers of the engine. To make 
tho D valve work eflioiontly, it was found necessary to 
form two perfectly plane surfaces, to produce which ho 
invontod his planing machine. Jfo was also tho first to 
adopt the practice of placing tho piston in a horizontal 
position in tho common condensing engine. Among his 
other modifications in tho steam-engine, was his improve¬ 
ment of tire looomotivo as invontod by Trevithick; and it 
ought to bo remembered to his honour that ho made the 
first locomotive that regularly worked upon any railway. 


* Tlie purdmae of this largo piece 
of ground, known as Camp Field, had 
tho effect of “ plugging up " Matthew 
Murray for a time; and it remained 
disused, except for the deposit of dead 
jogs and other rubbish, for more than 


half a century. It has only boon en¬ 
closed during tho present year, and 
now forms part of the works of Messrs. 
Smith, Bencock, and Tannet, tho emi¬ 
nent tool-makers, 
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This was tho engine erected by him for Blonkinaop, to 
work the Middleton colliery railway noai’ Leeds, on which 
it began to run in 1812, and continuod in regular use for 
many years. In this engine he introduced the double 
cylinder—Trevithick’s engine being provided with only 
one oylinder, the defects of which were supplemented by 
the addition of a fly-vlied to carry the crank ovor tho 
dead points. 

But Matthew Murray’s most important inventions, con¬ 
sidered in their effects on manufacturing industry, wore 
those connected with the machinery for heckling and 
spinning flax, which he very greatly improved. His heck¬ 
ling machine obtained for him the prize of the gold medal of 
tho Society of Arts; and this as well as his machine for 
wet flax-spinning by means of sponge weights proved of 
the greatest practical valuo. At the time when these in¬ 
ventions were made tho flax trade was on the point of ex¬ 
piring, the spinners being unable to produce yam to a 
profit; and their almost immediate effect was to reduce the 
oost of produotion, to improve immensely the quality of 
tho manufacture, and to establish the British linen trade 
on a. Bolid foundation. The production of flax-machinery 
bccamo an. important branoh of manufacture at Leeds, largo 
quantities being mado for use at home as well as for ex¬ 
portation, giving employment to an increasing number of 
highly skilled mechanics.* Mr. Murray's faoulty for 
organising work, perfected by experience, enabled him 
also to introduce many valuable improvements in the me¬ 
chanics of manufacturing. His pre-eminent skill in mill¬ 
gearing beoame generally acknowledged, and the effeots of 
his labours are felt to this day iu the extensive and still 
thriving branches of industry which his ingenuity and 
ability mainly contributed to establish. All the maohine- 


* Among more recent improvers of 
fiax-macluneiy, the late Sir Peter 
Fairbnlm is entitled to high merit! 
■the work turned out by him being of 


first-rate excellence, embodying nu¬ 
merous inventions and improvements 
of great value and importance. 
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toolo used in his establishment were designed by himself, 
and ho was most careful in the personal superintendence 
of all tho details of their construction. Mr. Murray died at 
Leeds in 1826, in his sixty-third year. 

Wo have not yet exhausted the list of claimants to the 
invention of the Planing Maohine, for we find still another 
in tho person of Richard Roberts of Manchester, one of 
the most prolifio of modem inventors. Mr. RobertB has 
indeed aohieved so many undisputed inventions, that he 
can readily afford to divide the honour in this oaso with 
others. Ho has contrived things so various as the self¬ 
acting mule and the best eleotro-mognot, wet gas-meters 
and dry planing machinos, iron billiard-tablos and turrot- 
olooks, the centrifugal railway and the drill slotting* 
maohine, on apparatus for making cigars and maohinery 
for the propulsion and equipment of steamships; bo that 
he may almost be regarded as tho Admirable Crichton of 
modern mechanics. 

Richard Roberts was bom in 1789, at Carreghova in 
the parish of Llanymyncoh. His father was by trade a 
shoemaker, to which he occasionally added the occupation 
of toll'keepor. Tho house in which Richard was born 
stood upon tho border lino whioh then divided tho counties 
of Salop and Montgomery; the front door oponing in tho 
one oounty, and the baok door in the other. Richard, 
when a boy, received next to no education, and as soon as 
ho web of fitting age was put to oommon labouring work. 
For some time ho worked in a quarry near his father’s 
dwelling; but being of an ingenious turn, he oooupied his 
leisure in making various articles of mechanism, partly for 
amusemont and partly for profit. One of his first achieve¬ 
ments, while working as a quarryman, was a spinning- 
wheel, of which he was very proud, for it was considered 
“ a good job.” Thus he gradually acquired dexterity in 
handling tools, and he shortly camo to entertain tho am¬ 
bition of bocoming a mechanic. 

There were several ironworks in the neighbourhood, 
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and thither he went in search of employment. He succeeded 
in finding work as a pattern-maker at Bradley, near Bilston, 
under John Wilkinson, the famous ironmaster—a man of 
great enterprise as well as meohanical skill; for he was the 
first man, as already stated, that Watt could find capable of 
boring a cylinder with any approach to truth, for the pur¬ 
poses of his stoam-onginos. After acquiring some practical 
knowledge of the art of working in wood as well as iron, 
Iioberts proceeded to Birmingham, where he passed through 
different shops, gaining further experience in mechanical 
practice. He tried his hand at many kinds of work, and 
acquired considerable dexterity in each. He was regarded as 
a sort of jack-of-all-trades; for he was a good turner, a toler¬ 
able wheel-wright, and could repair mill-work at a pinch. 

He noxt moved northward to the Horsley ironworks, 
Tipton, where he was working os a pattern-maker when 
he had the misfortune to be drawn in his own county for 
the militia. He immediately left his work and made his 
way homeward to Llanymyneoh, determined not to be 
a soldier or even a militiaman. But home was not the 
place for him to rest in, and after bidding a hasty adieu to 
his father, he crossed the country northward on foot and 
reached Liverpool, in the hope of finding work there. 
Failing in that, he set out for Manchester and reached it at 
dusk, vory weary and very miry in consequence of the 
road being in such a wretohed state of mud and ruts. Ho 
relates that, not knowing a person in the town, he went np 
to an apple-stall ostensibly to buy a pennyworth of apples, 
hut really to ask the stall-keeper if lie knew of any person 
in want of a hand. Was there any turner in the neigh¬ 
bourhood ? Yes, round the cornor. Thither he went at 
onoe, found the wood-turner in, and was promised a job 
on the following morning. He remained with the turner 
for only a short time, after which he found a job in Salford 
at lathe and tool-making. But hearing that the militia 
warrant-officers were still searching for him, he became 
uneasy and determined to take refuge in London. 
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He trudged all tlio way on loot to that groat hiding- 
place, and first tried Holtzapflel’s, tho famous tool-maker’s, 
hut failing in his application ho next went to Maudslay’s 
ancl suooocded in getting employment. lie worked there 
for some time, acquiring much valuable practical know- 
lodgo in tho nso of tools, cultivating his skill by contact 
with first-class workmen, and benefiting by the spirit of 
aotive contrivance wbioh pervaded the Maudslay shops. 
His manual dexterity greatly inoreased, and his inventive 
ingonuity fully stimulated, ho determined on making Iris 
way back to Manohostor, which, oven rnoro than London 
itself, at that time presented abundant openings for men 
of mechanical skill. Honoe we find so many of the best 
meohanios trained at Maudslay’s and Clement’s—Nasmyth, 
Lewis, Muir, Koberts, Whitworth, and others—shortly 
rising into distinction there as leading mechanicians and 
tool-makers. 

The mere enumeration of the various results of Mr. 
Eoberts’s invontive skill during tho period of his settle¬ 
ment at Manchester as a mechanical engineer, would 
occupy more spaco than wo can woll spare. But we may 
briefly mention a few of the more important. In 1816, 
while carrying on business on his own aeaount in Doans- 
gate, he invented his improved sootor for correctly sizing 
wheols in blank previously to thoir boing cut, which is 
still extensively used. In the same year ho invented his 
improvod sorew-latho; and in tho following year, at tho 
request of the boroughroove and constables of Man¬ 
chester, ho contrived an oscillating and rotating wet 
gas meter of a new kind, whioh enabled thorn to soil 
gas by moasure. This was the first meter in whioh a 
water lute was applied to provont the esoapo of gas by tho 
index shaft, tho want of whioh, as woll as its great com¬ 
plexity, hod prevented tho only other gas meter then in 
existenoe from working satisfactorily. Tho water Into was 
immediately adopted by tho patentee of that motor. The 
planing maohino, though olaimed, as wo have seen, by 
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many inventors, was constructed by Mr. Roberts alter an 
original plan of bis own in 1817, and became tho tool most 
generally employed in mechanical workshops—acting by 
means of a chain and raok—though it has since been super¬ 
seded to some extent by the planing machine of Whitworth, 
which works both ways upon an endless screw. Improve¬ 
ments followed in the slido-latho (giving a largo range of 
speed with increased diameters for tho same sizo of head- 
stooks, &o.), in tho wheel-cutting engine, in tho scale- 
beam (by which, with a load of 2 oz. on each end, the 
fifteen-hundredth part of a grain could he indicated), in 
the broaching-maohino, the slotting-machine, and other 
engines. 

But the inventions by whioh his fame bocomo most 
extensively known arose out of oircumstanccs oonneotod 
with the cotton manufactures of Manchester and the neigh¬ 
bourhood. The great improvements whioh ho introduced 
in the machine for making weavers’ reeds, lod to the for¬ 
mation of the firm of Sharp, Roberts, and Co., of which 
Mr. Roberts was tho acting mechanical partner for many 
years. Not less important were bis improvements in 
power-looms for weaving fustians, which wore extensively 
adopted. But by far tho most famous of his inventions 
was unquestionably liis Solf-aoting Mule, one of the most 
elaborate and boantifnl pieoos of machinery ever contrived. 
Before its invention, the working of the entire machinery 
of the cotton-mill, as well as the employment of the pieeers, 
cleaners, and other classes of operatives, depended upon 
tho spinners, who, though receiving the highest rates of 
pay, wore by muoh the most given to strikos; and they 
were frequently acoustomed to turn out in times when 
trade was brisk, thereby bringing the whole operations of 
the manufactories to a standstill, and throwing all the 
other operatives out of employment. A long-continued 
striko of this sort took place in 1824, when the idea occurred 
to tho masters that it might bo possible to make tho gpin- 
ning-mules run out and iu at the proper speed by means of 
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self-acting machinery, and thus rondor them in some mea- 
sure independent of the more refractory class of thoir work¬ 
men. It seemed, however, to he so very difficult a problem, 
that they wore by no means sanguine of sucooss in its 
solution. Some time passed before they oould find any 
mechanic willing so much as to consider the subject. 
Mr. Ashton of Staley-bridge made every effort with this 
object, but the answer he got was uniformly the Bamc. 
The thing was deolarod to he impraotioablo and impossible. 
Mr. Ashton, aooompanied by two other leading spinners, 
called on Sharp, Roberts, and Co., to seels an interview 
with Mr. Roberts. They introduced the subject to him, 
but bo would scarcely listen to their explanations, ontting 
thorn short with tho remark that he knew nothing what¬ 
ever about ootton-spinning. They insisted, nevertheless, 
on explaining to him what they required, but they went 
away without being able to obtain from him any promise 
of assistance in bringing out tho required machine. 

The strike continued, and tho manufacturers again called 
upon Mr. Roberts, but with no hotter result. A third time 
they called and appealed to Mr. Sharp, tho capitalist of tlio 
firm, who promised to use his best endeavours to induce 
his mechanical partner to take the matter in hand. But 
Mr. Roberts, notwithstanding his roticonoo, had been 
occupied in carefully pondering tho subject since Mr. 
Ashton’s first interview with him. The very difficulty of 
the problem to be solvod had teraptod him boldly to 
grapple with it, though ho would not hold out the slightest 
expectation to tho ootton-spinnors of his being able to liolp 
thorn in thoir emergency until he saw his way poifcclly 
clear. That time had now come; and when Mr. Sharp 
introduced tho subjoct, he said he had turned tho matter 
over and thought he oould construot tho roquired self¬ 
acting machinery. It was arranged that ho should procoed 
with it at once, and after a oloso study of four months ho 
brought out the machine now so extensively known as the 
self-acting mule. The invention was pa‘ cuted in 1825, and 
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was perfected by subsequent additions, which were also 
patented. 

Like so many other inventions, the idea of tlio self¬ 
acting mule was not new. Thus Mr. William Strutt of 
Derby, the father of Lord Belper, invented a machine of 
this sort at an early period; Mr. William Kelly, of the 
Now Lanark Mills, invented a second; and various other 
projectors tried their skill in the same direction; but none 
of these inventions oame into practical use. In such cases 
it has become generally admitted that the real inventor 
is not the person who suggests the idea of the invention, 
but he who first works it out into a practicable process, 
and so makes it of practical and commercial value. This 
was accomplished by Mr. Roberts, who, working out the 
idea after his own independent methods, succeeded in mak¬ 
ing the first self-acting mule that would really act as such; 
and he is therefore fairly entitled to be regarded as its 
inventor. 

By means of this beautiful contrivance, spindle-carriages, 
bearing hundreds of spindles, run themselvos out and in by 
moans of automatic machinery, at the proper speed, without 
a hand touohing them; the only labour required being that 
of a few hoys and girls to watoh them and mend the broken 
threads when the carriage recedes from tho roller beam, 
and to stop it when the cop is completely formed, as is 
indicated by the boll of the oounter attached to the work¬ 
ing gear. Mr. BainoB describes the self-acting mnle while 
at work as “ drawing out, twisting, and winding up many 
thousand threads, with unfailing precision and indefatig¬ 
able patience and sirongth—a scono as magical to the eye 
which is not familiarized with it, as the effects havo been 
marvellous in augmenting the wealth and population of 
the country.’’* 

Mr. Roberts’s groat sucoess with the self-aoting mule led 
to his being often appealed to for help in the mechanics 


* Edwabd Baines, Esq., M.P., History of the Cotton Manufacture, 212 
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of numifaolurnig. In 182(5, tlio your aftor liis patent wan 
taken out, lie was sont for to Mnlhouso, in Aleaoo, to design 
and arrange tlio maohino ostablishmont of Andr<5 Koochlin 
and Co. j and in that and the two snhsoquont yoars he fairly 
sot tho works a-going, instructing tho workmen in tho 
manufacture of spinning-machinery, and thus contributing 
largoly to tho suocoss of the Pronoh ootton manufacture. 
In 1832 ho patented his invention of the Radial Ann for 
“ winding on” in the self-acting mule, now in general use ; 
and in future years he took out sundry patents for roving, 
slubbing, spinning, and doubling ootton and other fibrous 
materials; and for weaving, beetling, and mangling fabrios 
of various sorts. 

A considerable branoh of business carried on by the firm 
of Sharp, Roberts, and Co. was the manufacture of iron 
billiard-tables, which were constructed with almost perfect 
truth by means of Mr. Roberts's planing-muchino, and 
bcoamc a large artiolo of export. But a much moro im¬ 
portant and remunerative departmont was ilie manufacture 
of looomotivos, which was begun by tho firm shortly after 
tho oponing of tho Liverpool and Manchester Railway had 
marked this as one of the ohief bmnohos of future mooha- 
nical engineering. Mr. Roberts adroitly soizod the oppor¬ 
tunity presented by this new fiold of invention and 
enterprise, and devoted himself for a time to tho careful 
study of the looomotivo and its powors. As early as tho 
year 1829 wo find him presenting to the Manchester Mo- 
chanios’ Institute a machine exhibiting tho nature of fric¬ 
tion upon railroads* in solution of tho problem thon under 
discussion in tho soientifio journals. In tho following year 
lie patented an arrangement for communicating power to 
both driving-wheels of tho looomotivo, at all times in tho 
exact proportions required when turning to tho right or 
loft,—an arrangement which has sinoo boon adoptod in 
many road locomotives and agrioultural onginos. In tlio 
samo patent will ho found embodied his invention of tho 
steam-brake, whioh was also a favourite idea of Goorge 
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Stephenson, since elaborated by Mr. MaoConnell of the 
London and North-Western Itaihvay. In 18114, Sharp, 
Roberts, and Co. began tlio manufacture of locomotives on 
a large scale; and the compactness of their engines, the 
excellence of their workmanship, and the numerous original 
improvements introduced in them, speedily socured for the 
engines of the Atlas firm a high reputation and a very 
large demand. Among Mr. Roberts’s improvements may be 
mentioned his method of manufacturing the crank axlo, 
of welding the rim and tyres of the wheels, and his 
arrangement and form of the wrought-iron framing and 
axle-guards. His system of templets and gauges, by means 
of whioh every part of an engine or tondor corresponded 
-with that of every other engine or tender of the Bamo 
class, was as great an improvement ns Maudslay’s system 
of uniformity of parts in other descriptions of machinery. 

In connection with tho subject of railways, we may 
allude in passing to Mr. Roberts’s invention of tho Jacquard 
punching machine—a self-aoting tool of groat power, used 
for punching any required number of holes, of any pitoh 
and to any pattern, with mathematical accuracy, in bridgo 
or hoiler plates. Tho origin of this invention was some¬ 
what similar to that of tho self-aoting mulo. The con¬ 
tractors for tho Conway Tubular Bridgo while under 
construction, in 1848, wore greatly hampered by combina¬ 
tions amongst the workmen, and thoy despaired of boing 
able to finish the girders within tho tirno speoified in tlio 
contract. The punching of tho iron plates by hand was a 
todions and expensive as well as an inaccurate process; 
and the work was proceeding so slowly that the contractors 
found it absolutely necessary to adopt some new method of 
punching if they wero to finish tho work in time. In their 
emergency they appealed to Mr. Roberts, and endeavoured 
to persuade him to take the matter up. He at length 
consented to do so, and ovolvod the maohine in question 
during his evening’s leisure—for the most part while 
quietly sipping his tea. The machine was produced, tho 
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oontraotors wore enabled to procood with tbo punobing of 
tho plates independent of the refractory men, and the work 
was oxoonted with a despatch, acouraoy, and excellence 
that would not othorwiso havo boon possible. Only a few 
yoars since Mr. Eoberts added a useful companion to the 
Jacquard punching machine, in his combined solf-acting 
machine for shearing iron and punching both webs of 
angle or T iron simultaneously to any required pitch; 
though this machine, like others whioh have proceeded 
from his fertile brain, is ahead even of this fast-manufac¬ 
turing age, and has not yet come into general nse, hut is 
certain to do so boforo many years have elapsed. 

These inventions were surely enough for one man to havo 
accomplished; hut we have not yot done. The mere enu¬ 
meration of his other inventions would occupy several 
pages. We shall merely allude to a few of them. One 
was his Turret Clock, for whioh he obtained the medal 
at the Great Exhibition of 1851. Another was his Prize 
Electro-Magnet of 1845. When this subject was first men¬ 
tioned to him, ho said ho did not know anything of tlio 
theory or practice of oleotro-magnotism, but he would try 
and find out. The rosult of his trying was that he won tho 
prize for the most powerful oleotro-maguot: one is placed 
in tho museum at Tool Park, Manchester, and anothor 
with tho Soottish Society of Arts, Edinburgh. In 1846 Uo 
porfeoted an American invention for making oigars by 
machinery; enabling a boy, working ono of his cigar- 
engines, to make as many as 5000 in a day. In 1862 ho 
patented improvements in the construction, propelling, and 
equipment of steamships, whioh have, wo beliovo, been 
adoptod to a certain extent by tho Admiralty; and a few 
years later, in 1855, wo find him presenting tho Secretary 
of War with plans of elongated riflo projootilos to he used 
in smooth-bore ordnanoo with a viow to utilize the old- 
pattem gun. His head, liko many inventors of tho time, 
being full of the meolianics of war, ho went so far as to 
wait upon Louis Napoleon, and laid boforo him a plan by 
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which Sebastopol was to be blown down. In short, upon 
whatever subject ho tnrnod his mind, lio loft the impress 
of his invontive faculty. If it was iinporfoct, ho improved 
it; if incapable of improvement, and impracticable, ho in¬ 
vented something entirely now, superseding it altogether. 
Biit with all his inventive genius, in the exercise of which 
Mr. Huberts has so largely added to tho productive power 
of the country, wo regret to say that lie is not gifted with 
the commercial faculty. He lias helped others in their 
difficulties, hut forgotten himself. Many have profited by 
his inventions, without oven acknowledging tho obliga¬ 
tions which they owed to him. They have used his brains 
and copied his tools, and the “ sucked orange ” is all but 
forgotten. There may have boon a want of worldly wisdom 
on his part, hut it is lamentable to think that ono of tho 
most prolific and usoful inventors of his time should in his' 
old ago be left to fight with poverty. 

Mr. Whitworth is another of the first-class tool-makers 
of Manchester who has turned to excellent account his 
training in the workshops of Mandslay and Clement. He 
has earned fully out the system of uniformity in Scrow 
Threads which they initiated; and ho lias still further 
improved the mechanism of the planing machine, enabling 
it to work both backwards and forwards by means of a 
scrow ancl roller motion. His “ Jim Crow Machine,” so 
called from its peculiar motion in reversing itself and 
working both ways, is an oxliomely beautiful tool, adapted 
aliko for horizontal, vortical, or angular motions. ' Tho 
minute aocuraoy of Mr. Whitworth’s machines is not the 
least of their merits; and uothing will satisfy him short of 
perfect truth. At tho mooting of tho Institute ofMeoha- 
nioal Engineers at Glasgow in 185(5 he read a paper on ilie 
essential importance of possessing a true plane as a standard 
of reference in mechanical constructions, and he described 
elaborately tho true method of socuring it,—namely, by 
somping, instead of by the ordinary process of grinding. 
At the same mooting ho exhibited a machine cfliis inven- 
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tion 1>y which ho stated that a difforonco of the millionth part 
of an inch in length could at onoo he dotootod. Ho also 
(here urged liis favonrito idoa of uniformity, and propor 
gradations of size of parts, in all the various branches of the 
mechanical arts, os a chief means towards economy of pro¬ 
duction—a principle, as ho showed, capahlo of very ox- 
tonsivo application. To show the progress of tools and 
machinery in his own time, Mr. Whitworth cited tho feet 
that thirty years since tho cost of labour for making a sur- 
faco of cast-iron true—one of tho most important operations 
in mechanics—by chipping and filing by tlio hand, was 
12s. a square foot; whereas it is now dono by tho planing 
maohino at a cost for labour of less than a ponny. Then 
in maohinery, pieces of 74 rood printing-cotton cloth of 
29 yards each could not bo produced at less cost than 30s. fid. 
por pieco; whereas the same description is now sold for 
3s. 9 d. Mr. Whitworth has boon among tho most effective 
workers in this field of improvement, his tools taking tlio 
first place in point of speed, accuracy, and finish of work, 
in whioli rcspocts they challenge competition with tho 
world. Mr, VVhitworth has of Into years been applying 
himself with his ncoustomod ardour to tho dovolopmont 
of tho powers of rifled guns and projoctiles,—a branch of 
moclianioal soionoo in which ho confessedly holds a foremost 
place, and in perfecting which ho is still ooonpied. 
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CHAPTER XV. 
James NASinran. 


“ By Hammer and Hand 
All Arts doth stand.” 

Hammermen’s Motto, 


The founder of the Sootoh family of Naoamyth is said to 
havo derived his name from the following ciroumstance. 
Tn the course of tho feuds which raged for somo time 
botweon the Scotch kings and tlioir powerful suhjeots tho 
Earls of Douglas, a rencontre took placo one day on tho 
outskirts of a Border village, when tho Icing’s adhorents 
woro worsted. Ono of them took refuge in the village 
smithy, whero, hastily disguising himself, and donning a 
sparo leathern, apron, he pretended to be engaged in assist¬ 
ing tho smith with his work, when a party of the Douglas 
followers rushed in. They glanced at tho pretended work¬ 
man at tho anvil, and observed him doliver a blow upon 
it so unskilfully that the hammer-shaft broke in his hand. 
On this ono of the Douglas men rushed at him, calling 
out, “Yo’re nao smyth!" Tho assailed man seized his 
sword, which lay conveniently at hand, and defended him¬ 
self so vigorously that ho shortly killed his assailant, while 
the smith brainod another with Iris hammer; and, a party 
of the king’s men having come to their help, tho rest were 
speedily overpowered. The royal forces then rallied, and 
their temporary dofoat was converted into a victory. The 
king bestowed a grant of land on his follower “Nao Smyth,” 
who assumod for his arms a sword between two hammers 

t 2 
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with broken shafts, and tho motto “ Non arte Bed Marte,” 
as if to disclaim tho art of tho Smith, in which ho had 
failed, and to ompliasizo tho superiority of the warrior. 
Suoh is said to ho the traditional origin of the family of 
Nacmnvth of I’osso in roohlosshiro, who continue to boar 
the same name and arms. 

It is remarkable that the inventor of tho steam-hammer 
should have so offoohually contradicted tho name ho boars 
and rovorsod tho motto of hits family; for so far from 
being “ Nao Smyth," ho nmy not inappropriately be desig¬ 
nated tho very Vuloan of tho nineteenth century. His 
hammer is a tool of immenso power and pliancy, hut for 
which wo must have stopped short in many of those gigantio 
onginooring works which are among tho marvels of the 
ago we live in. It possesses so muoh precision and doli- 
oaoy that it will chip the end of an ogg resting in u glass 
on the anvil without breaking it, while it doliverB a blow 
of ten tons with such a force as to be felt shaking the 
parish. It is therefore with a high degroo of appropriate¬ 
ness that Mr. Nasmyth has discarded tho feckloHS hammer 
with the broken shaft, and assumed for his omblom his own 
magnificent steam-hammer, at tho same time reversing tho 
family motto, which ho has convortcd into “ Non Matte 
sod Arte.” 

James Nasmyth boltings to a family whoso genius in art 
has long boon recognised. 1-Iis father, Alexander Nasmyth 
of Edinburgh, was a landscapo-paintor of groat oiniuunco, 
whoso works am somotimos confounded with thoso of his son 
Patrick, called tho English Hobbema, though his own 
merits are peculiar and distinctive. Tho oldof Nasmyth 
was also an admirable portrait painter, as his head of 
Burns—the best ever painted of tho poot—boars ample 
witness. His daughters, tho Misses Nasmyth, were highly 
skilled painters of landscape, and their works are well 
known and muoh prized. James, tho youngest of tho 
family, inherits the same love of art, though In’s name is 
jnore extensively known as tv worker and inventor in iron 
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ITo was bora at Edinburgh, on tho 19 th of August, 1808 5 
anil his attention was early directed to mechanics by the 
circumstance of this boing one of his father’s hobbies. 
Besides being an excellent paintor,. Mr. Nasmyth had a 
good general knowledge of architecture and civil engineer¬ 
ing, and could work at the lathe and handle tools with the 
doxtority of a mechanic. Ho employed nearly the wholo 
of his spare time in a littlo workshop which adjoined his 
studio, where he enoouraged his youngest son to work with 
him in all sorts of materials. Among his visitors at the 
studio were Professor Leslie, Patriok Miller of Dalswinton, 
and other mon of distinction. He assisted Mr. Miller in 
his early experiments with paddle-boats, which eventually 
led to the invention of the steamboat. It was a gx-cat 
advantage for the hoy to be trained by a father who sc 
lovod excellence in all its forms, and could minister to 
his lovo of mochanios by his own instruction and practico. 
James used to drink in with pleasure and profit tlio con¬ 
versation whioh passed between his father and his visitors 
on soientifio and mechanical suhjeots; and as he beoame 
older, the resolve grew stronger in him every day that he 
would he a mechanioal engineer, and nothing else. At a 
proper ago, ho was sent to the High School, then as now 
celebrated for tho cxcellonco of its instruction, and thoro 
ho laid tho foundations of a sound and lihoral education. 
But ho has himself told the simplo story of his early life 
in such graphio terms that we feel we cannot do better 
than quote his own words:—* 

“I had the good luok," ho says, “ to have for a soliool 
companion the son of an iron founder. Every spare hour 
that I could command was devoted to visits to his father’s 
iron foundry, where I delighted to watch the various pro- 

* Originally prepared for John Hide, town, on the 18th and 20th March, 
Kmj., C.U., of Bolton, and embodied 1802 ; the account having been kindly 
by him in hie lectures) on ** Self Help," corrected by Mr. Nasmyth for the 
delivered before tho Holy Trinity present publication. 

Working Men’s Association of that 
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ceases of moulding, iron-melting, easting, forging, pattern- 
making, and othor smith and metal work; and although I 
was only about twelve years old at tko time, I used to loud 
a hand, in which hearty zeal did a good deal to make up 
for want of strength, X look back to tlio Saturday after, 
noons spent in the workshops of that small foundry, as 
an important part of my education. I did not trust to 
reading about sucb and such things ; I saw and handled 
them; and all the ideas in commotion with them became 
permanent in my mind. I also obtained thero—what was 
of much valuo to mo in after life—a considerable acquaint¬ 
ance with the nature and characters of workmen. By tho 
timo I was fifteen, 1 could work and turn out really re¬ 
spectable jobs in wood, brass, iron, and Bteel: indoed, in 
the working of the latter inestimable material, I had at a 
Tory early ago (eleven or twelve) acquired considerable 
profioienoy. As that was the pro-lucifer match poriod, tho. 
possession of a steol and tinder box was quite a patent of 
nobility among boys. So I used to forge old files into 
‘steels’ in my father’s little workshop, and harden them 
and produco such first-rate, neat little articles in that line, 
that I became quite famous amongst my school com¬ 
panions ; and many a task lmvo I had exoused me by 
bribing tho monitor, whose grim sonso of duty novor could 
withstand tho glimpso of a stool. 

“ My first essay at making a stoam engine was when X was 
fifteen. I thon mndo a real working steam-engine, 14 
diameter cylinder, and 8 in, stroke, which not only could 
aot, hut really did some useful work j for I made it grind 
the oil colours which my father required for his painting, 
Steam engine models, now so common, wore exceedingly 
scarce in those days, and very difficult to bo had; and as 
tho demand for diem aroso, I found it both delightful and 
profitable to make them; as well as seotional modols of 
stoam enginos, whioh 1 introduced for tho purpose of ex¬ 
hibiting tho movements of all the parts, both oxtorior and 
Interior. With die results of tlio sale of suoh models 1 
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was enabled to pay tbo prico of tickets of admission to the 
lectures on natural philosophy and chemistry dolivered in 
the University of Edinburgh. About the same time (1820) 
I was so happy as to be employed by Professor Leslie in 
malting models and portions of apparatus required by him 
for his lectures and philosophical investigations, and 1 had 
also the inestimable good fortune to secure his friendship. 
His admirably clear manner of communicating a knowlcdgo 
of the fundamental principles of mechanical soience ren¬ 
dered my intercourse with him of the utmost importance 
to myself. A hearty, okeorful, earnost desire to toil in his 
service, oaused him to take pleasure in instructing me by 
occasional explanations of what might otherwise havo 
remained obsoure. 

“About the years 1827 and 1828, the subjeot of steam- 
carriages for common roads occupied much of the attention 
of the public. Many tried to solve the problem, I made 
a working model of an ongine which performed so well 
that somo friends detormiuod to give me the means ol 
making one on a larger sonle. This I did; and I shall • 
never forgot tko pleasure and tho downright hard work I 
had in produoing, in the autumn of 1828, at an outlay of 
GO?., a complete steam-carriage, that ran many a mile with 
eight porBons on it. After keoping it in action two months, 
to tlie satisfaction of all who wore interested in it, my 
friends allowed me to dispose of it, and I sold it a great 
bargain, after wbiob the engine was used id driving a small 
factory. I may mention that in that ongine I employed 
tho waste steam to cause an increased draught by its dis¬ 
charge up tbo chimney. This important use of the waste 
steam bad been introduced by Georgo Stophonson somo 
years before, though ontiroly unknown to mo. 

“ The earnest desire which I cherished of getting for¬ 
ward in the real business of life induced me to turn my 
attention to obtaining employment in some of the great 
engineering establishments of tbo day, at the head of which, 
in my fancy as well as in reality, stood that of Homy 
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Maudslay, of London. It was tho sun’.mit of my ainl)ition 
to got work in that establishment; but as my fatlior had 
not tlio moans of paying a premium, I determined to try 
what I could do towards attaining my object by submitting 
to Mr. Maudslay actual specimens of my capability as a 
young workman and draughtsman. To this end I set tc 
work and made a small stoamongino, every part of which 
was the result of my own handiwork, including the ousting 
and tho forging of tho several parts. This I lurnod out in 
such a stylo as I should oven now be proud of. My sample 
drawings wore, I may say, highly rospeotablc. Armed 
with such moans of obtaining the good opinion of tho great 
Homy Maudslay, on tlio lOtb of May, 1829,1 sailod for 
London in a Leith smack, and after an eight days’ voyage 
saw the metropolis for the first time. I made bold to call on 
Mr. Maudslay, and told him my simple tale, llo desired 
mo to bring my models for him to look at. I did so, and 
when 1m came to mo I could see by the expression of his 
oheerful, well-romombored countenance, that I had attainod 
my objeot. IIo thou and thoro appointed mo to bo his own 
privnfco workman, to assist him in bis little paradiso of a 
workshop, furnished with tho uiodols of improved machin¬ 
ery and engineering tools of which ho has boon tho grout 
originator. IIo loft mo to nrrango as to wages with his 
ohiof cashier, Mr. ltobort Young, and on tlio first Saturday 
evening I accordingly wont to tho counting-house to en¬ 
quire of him about my pay. Ho asked mo what would 
satisfy mo. Knowing tho value of the situation I had ob¬ 
tained, and having a vory modest notion of my worthiness 
to occupy it, I said, that if ho would not considor 10s. a 
week too muoli, I thought I oould do voiy well with that. 
I suppose ho concluded that I had some moans cf my "own 
to live on besides the 10s. a week whioh I askod, IIo lililo 
knew that I had determined not to cost my father anotlior 
farthing whom I loft homo to bogin tho world on my c wn 
account. My proposal was at onco acoodod to. And well 
do I romomber tlio prido and doligbt I folt when I carried to 
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my throe shillings a wook lodging that night my first wages, 
Ample they woro in my idea; for I know how little 1 
could live on, and was persuaded that by strict economy T 
could easily oontrivo to make the money support me. To 
help mo in this object, I contrived a small cooking appa¬ 
ratus, which I forthwith got made by a tinsmith in Lam¬ 
beth, at a cost of (is., and by its aid I managed to keep tlio 
eating and drinking part of my private aooonnt within 
3s. G<t per wook, or 4s. at the outside. I had tlireo meat 
dinners a week, and gonorally four rice and milk dinners, 
all of whioh were oooked by my little apparatus, which I 
set in action after breakfast. Tho oil cost not quite a half¬ 
penny per day. Tho moat dinners consisted of a Btew of 
from a half to three quartors of a lb. of leg of beef, the meat 
costing 3&ci. per lb., whioh, with sliced potatoes and a little 
onion, and as much water as just oovored all, with a 
sprinldo of salt and black popper, by tho timo I returned 
to dinner at half-past six furnishod a repast in overy ro- 
spoot as good as my appetite. For breakfast 1 had coffee 
and a due proportion of quartern loaf. After the first yoar 
of my employment under Mr. Maudslay, my wages were 
raised to 15s. a week, and I thon, but uot till then, in¬ 
dulged in the luxury of butter to my broad. I am the 
more particular in all this, to show you that I was a thrifty 
housokeoper, although only n lodger in a 3.v. room. I have 
tho old apparatus hy mo yot, and I shall have another 
dinner out of it ore I am a year older, out of regard to 
days that wore full of (ho real romance of lifo. 

“ On the death of Henry Maudslay in 1831,1 passed over 
to tho service of his worthy partner, Mr. Joshua Field, and 
aoted as his draughtsman, much to my advantage, until tho 
ond of that year, when I relumed to Edinburgh, to con¬ 
struct a small stock of engineering tools for the purpose of 
enabling me to start in businosa on my own account. This 
occupied me until the spring of 1833, and during the inter¬ 
val I wna accustomod to take in jobs to oxeoute in my little 
workshop in Edinburgh, so as to obtain tho means of 
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completing my slock of tools.* In Juno, 1834, I went to 
Manchester, and look a flat of an old mill in Dale Street, 
wliore 1 began business. Jn two years my stock had so 
increased as to overload the floor of the old building to 
such an extent that the landlord, Mr. Wroun, became 
alurinod, especially as the ionant below mo—a glass-cutter 
—bud a visit from the end of a 20-horse ongine beam one 
morning among liis cut tumblers. To set their anxiety at 
rest, I wont out that evening to Patrioroffc and took a look 
at a rather elioioo bit of land hounded on ono side by tho 
canal, and on the other by tho Liverpool and Munuhcster 
Hail way, By the end of tho week I had scoured a lease 
of the silo for 999 years; by tho end of tho month my 
wood sheds were oreotod; tho ring of the hammer on tho 
smith’s anvil was soon hoard all over the place; and tho 
Bridgewater Foundry was fairly under way. Thoro I toiled 
right hoartily until December 31st, 1856, when 1 retired 
to onjoy in aotivo leisure tbe reward of a laborious life, 
during whioh, with tho blessing of God, I onjoyed much 
true happiness through llio hearty love which I always had 
for my profession; and I trust I may bo allowed to say, 
without unduo vanity, that I have left behind mo sumo 
useful residts of my labours in those inventions with which 
my name is identified, whioh have had no small sharo in 
tho aocomplishmont of some of tho grontost mechanical 
works of our ago.” 

If Mr. Nasmyth had accomplished nothing more than 
the invention of his steam-hammer, it would have boon 


* Most of tho tools with whioh ho 
began business in Manehoatoi' wore mails 
by lua own hands in his father's little 
workshop nt Edinburgh. He was on 
one occasion “ hol'd up" for brass with 
which to make a wheel for his planing 
machine. There was a row of old- 
fashioned brass oandlostloks standing in 
bright nvmy on tbn kitchen mantel¬ 
piece which ho greatly coveted tor the 


purpose. Ilia fnthcr was reluctant lo 
give them up; “ for," said lie, “I have 
haul many n Clark with Ituvua when 
these candlestick!) were on tho table.” 
But his mother nt length yielded; 
when the candlesticks were at once 
recast, and made into the wheel of the 
planing maenine which is still at work 
in Manchester. 
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enough to found a reputation. Professor Tomlinson de¬ 
scribes it as “ one of tho most porfeot of artificial machines 
and noblest triumphs of mind over matter that modern 
English engineers have yet developed.” * Tho hand- 
hammer has always been an important tool, and, in tho 
form of the stone oolt, it was perhaps tho first in veil tod. 
When tho hammer of iron superseded that of stone, it was 
found praolicablo in tho hands of a “cunning” worlanan 
to oxeouta by its means motal work of great beauty and 
oven delicacy. But since tho invention of cast-iron, and tho 
manufacture of wrought-iron in largo masses, the art of 
hammer-working has almost beoome lost; and great artists, 
such as Matsys of Antwerp and Rukors of Nuremberg wero,f 
no longer think it woi-th their while to expond time and 
skill in working on so humble a material as wroughi-iron. 
It is evident from the marks of caro and elaborate dosign 
which many of these early works oxhibit, that tho work¬ 
man’s lioart was in his work, and that his object was not 
rneroly to get it out of baud, but to oxeoute it in first-rate - 
artistic style. 

Whon the use of iron extended and larger ironwork came 
to be forged, for cannon, tools, and machinery, the ordinary 
hand-hammer was found insufficient, and the helvo or forge- 
hammer was invented. This was usually driven by a water¬ 
wheel, or by oxen orhorsos. The tilt-hammer was another 
form in whioh it was used, tho smaller kinds being worked 
by tho foot. Among Watt’s -various inventions, was a tilt- 
hammer of considerable power, which ho at first worked 
by means of a water-wheel, and afterwards by a steam- 


* Cychpcvdla of Useful Arts, ii. 
7;i9. 

f Matsys’ beautiful wrought-iron 
well cover, still standing iu front of 
tho cathedral at Antwerp, and Rukers’s 
steel or iron choir exhibited at South 
Kensington in 1862, are examples of '■ 
the beautiful hammer work turned out 
by tho artisans of the middle ages. Ttr 1 


railings of the tombs of Henry VII. awl 
Queen Eleanor in Westminster Abbey, 
the hinges and iron work of Lincoln 
Cathedral, of St. George’s Chapel at 
Windsor, and of some of the Oxford 
colleges, afford equally striking illiw 
tmtions of the skill of our English 
blaoksmlths severe! oentariw ngo. 
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engine regulated by a fly-whoel. His first hummer of tbis 
kind was 120 lbs. in woiglit; it was raised eight inehos 
boforo making oncli blow. Watt afterwards made a tilt- 
hammer for Mr. Wilkinson of Bradley Forgo, of 7 % owh, 
and it made 300 blows a minute. Other improvements 
woro made in tiro hammor from timo to time, but no ma¬ 
terial alteration was rnado in the powor by wkioh it was 
worked until Mr. Nasmyth look it in hand, and applying to 
it tho diroot force of steam, provided tlio worker in iron 
with tho most formidable of maohino-iools. This im¬ 
portant invention originated as follows :— 

In tho early part of 1837, tho directors of the Grant 
Western Steam-Skip Company sent Mr. Francis Humphries, 
tlioir ongineer, to oonsult Mr. Nasmyth as to some engineer¬ 
ing tools of unusual size and powor, whioh woro required for 
tho construction of tho onginos of the “ Great Britain ” steam¬ 
ship. They had determined to oonBlruot those engines on 
tho vortical truuk-ongino principle, in aocordanco with Mr. 
Humphries’ dosigns; and vory complete works wore oreotod 
by thorn at tlicir Bristol dockyard for tho execution of tho 
roquisilo maohinory, tho most, important of tho tools boing 
supplied by Nasmyth and Gaskoll. Tho onginos woro in 
hand, when a difficulty aroso with roapoct to tho onormoits ‘ 
paddle-shaft of tho vossol, whioli was of such a sizo of 
forging as had novor boforo boon oxocntcd. Mr. Hum¬ 
phries appliod to tho largest engineering firms throughout 
tho country for tenders of tho price at which they would 
oxoouto this part of the work, but to his surpriso and 
dismay ho found that not ono of tho firms ho appliod lo 
would undertake so largo a forging. In this dilemma ho 
wrote to Mr. Nasmyth on tho 24th November, 1838, inform¬ 
ing him of this unlooked-for difficulty. “ 1 find," said ho, 
“there is not a forge-hammer in England or Scotland 
poworfnl onough to forgo tho pnddlo-shaft of tho onginos 
for the ‘Groat Britain I ’ What am I to do ? Do yon 3iink 
I might doro to use cast-iron?” 

This letter immediately sot Mr, Nasmyth a thinking. 
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How was it that existing hammors were incapable of 
forging a wrought-iron shaft of thirty inohos diameter? 
Simply because of their want of compass, or range and fall, 
as woll as power of blow. A fow moments’ rapid thought 
satisfied him that it was by rigidly adhering to the old 
traditional form of hand-hammer—of which the tilt, though 
driven by steam, was but a modification—that the difficulty 
had arisen. When even the largest hammer was tilted up 
to its full height, its range was so small, that when a piece 
of work of considerable size was placod on the anvil, the 
hammer became “ gagged,” and, on suoli an oocasion, where 
tho forging required the most powerful blow, it received 
next to no blow at all,—tho clear spaoe for fall being almost 
entirely occupied by tho work on tiro anvil. 

The obvious remedy was to invent some method, by 
whioh a blook of iron should bo lifted to a sufficient height 
above the objoct on which it was desired to strike a blow, 
and let the blook fall down upon the work,—guiding it in 
its doscout by suoh simple means as should give tho ro- 
qnirod precision in the percussive action of the falling 
mass. Following out this idea, Mr. Nasmyth at once 
sketched on papor his stoam-hammer, having it clearly 
before him in liis mind’s oye a fow minutes after receiv¬ 
ing Mr. Humphries’ letter narrating his unlooked-for 
difficulty. Tho hammer, as thus sketched, consisted of, 
first an anvil on which to rest the work; second, a block 
of iron constituting tlio hammer or blow-giving part; 
third, an inverted stoara-cylindor to whose piston-rod the 
blook was attached. All that was then roquired to produce 
by suoh means a most off'eotivo hammer, was simply to 
admit steam in the cylinder so as to act on the undor sklo 
of the piston, and so raise the blook attached to the piston- 
rod, and by a simple contrivanoo to let the steam escape and 
so permit the block rapidly to descend by its own gravity 
upon tho work then on the anvil. Suoh, in a fow words, 
is tho rationale of tho steam-hammer. • 

By tho same day’s post, Mi- Nasmyth wrote to Mr 
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Humphries, inclosing a sketch of tho invention 'ey which 
lio proponed to forgo tho “Great Britain” paddlo-shaft 
Mr. Humphries showed it to Mr. Bruno], tho engineer-in- 
oliiof of tho company, to Mr. G nppy, tho managing director, 
and to others intorosted in tho undertaking, by all of whom 
it was lioarlily approved. Mr. Nasmyth gave permission 
to communicate his plans to snob forge proprietors as 
might fool disposed to croot such a lmmnior to exoonto tho 
proposed work,—(ho only condition which ho mudo being, 
that in the ovent of his hammer being adopted, ho was to 
ho allowed to supply it uceording to his own design. 

Tho paddle-shaft of the “ Groat Britain” waB, how¬ 
ever, novor fovgod. About that timo, tho substitution of 
tho Sorow for tho Paddlo-whoel as a moauH of propulsion 
of stoam-vcssols was attracting mnoh attention; and the 
performances of tho “ Arohimodos " woro so sucoossfnl as to 
induce Mr. Brunei to rooommond bis Directors to adopt 
tho new power. They yicldod to his entreaty. The great 
engines which Mr. Humphries had designed woro accord¬ 
ingly sot asido; and ho was required to produco frosh 
designs of engines suited for sorow propulsion. Tho result 
was fatal to Mr. Humphries. Tho labour, tho anxioly, 
and perhaps the disappointment, proved too much for him, 
and a brain-fever oarriod him oif; so that uoithor his groat 
paddlo-shaft nor Mr. Nasmyth’s stcain-hammor to forgo it 
was any longor noedod. 

Tho hammer was loft to bide its timo. No forgo-mostor 
would take it up. Tho invontor wrote to all tho groat 
ilmrs, urging its superiority to every othor tool for working 
malloablo iron into all kinds of forgo work. Thus ho wrote 
and sent illustrative skotohes of his hammer to Aooramons 
and Morgan of Bristol, to tho late Benjamin Hiok and 
Bushlon and Eokersloy of Bolton, to Ilowanl and Bavonliill 
• of llotherhitho, and othor films ; hut unhappily bad times 
for the iron trado had set in j and although all to whom ho 
oomumnioatod his -design woro uraoli struck with its sim¬ 
plicity and obvious advantages, tho answer usually given 
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was—“ We have not orders enough to keep in work tlie 
forge-hammers we already have, and wo do not dosire at 
present to add any new ones, however improved.” At 
that time no patent had boen taken ont for the invention. 
Mr. Nasmyth had not yot saved money onongh to onablo 
him to do so on his own account; and his partner declined 
to spend monoy upon a tool that no engineer would give 
the firm an order for. No secret was made of tho invention, 
and, excepting to its owner, it did not soem to be worth 
one farthing. 

Such was tho unpromising state of affairs, when M. 
Sclinoidor, of the CreuRot Iron Works in France, called at 
tho l’atrioroft works together with his practical mechanic 
M. Bourdon, for tho purpose of ordoring some tools of the 
firm. Mr. NaBmyth waB absent on a journey at the time, 
but his partner, Mr. Gaskoll, as an aot of courtesy to the 
strangers, took the opportunity of showing thorn all that 
was new and interesting in regard to mochanism about the 
works. And among other things, Mr. Gaskoll brought ont 
liis partner’s sketch or “ Scheme book,” which lay in a 
drawer in the office, and showed them tho design of the 
Steam Hammer, which no English firm would adopt. 
They wore muoli struck with its simplicity and practical 
utility; and M. Bourdon took careful note of its arrange¬ 
ments. Mr. Nasmyth on his return was informed of tlio 
visit of MM. Sclinoidor and Bourdon, but tho circumstance 
of their having inspected tho design of his steam-hammer 
seems to have been regardod by his partner as too trivial a 
matter to ho repeated to him; and he knew nothing of the 
oiroumstanco until his visit to France in April, 1840. 
When passing through the works at Creusot with M. 
Bourdon, Mr. Nasmyth saw a orank shaft of unusual size, 
not only forged in tho piece, but punched. He imme¬ 
diately asked, “How did you forge that shaft?" M. 
Bourdon’s answer was, “ Why, with your hammer, to be 
sure I” Groat indeed was Nasmyth’s surprise; for he had 
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novor yol seim the hammer, exempt in his own drawing. 
A little explanation soon cleared all up. M. Bourdon said 
ho had been so much struck with the ingenuity and sim¬ 
plicity of the arrangement, that ho had no soonor rotumed 
than ho set to work, and had a hammor made in gonoral 
accordance with the design Air. Gaskoll had shown him ; 
and that its porfomanoes had answered his every expecta¬ 
tion. Ho then look Mr. Nasmyth to boo the stoam-hammer; 
and great was his delight at seeing tho ohild of his brain 
in full and active work. It was not, according to Mr. 
Nasmyth’s ideas, quito porfoct, and ho readily suggested 
sovoral improvements, oonformahlo wiLh tho original do- 
sign, which M. Bourdon forthwith adopted. 

Mr. Nasmyth at once despatched a letter to Lis partner 
telling him what ho had 6oen, and urging that the taking 
out of a patent for the protection of tho invention ought 
no longer to ho deferred. But trade was still very much 
depressed, and as tho Fatricroft firm neodod all thuir 
oapital to carry on tlioir husinoss, his partners objected to 
lock any of it up in engineering novelties. Seeing himself 
on tho brink of losing his property in the invontion, Mr. 
Nasmyth applied to his brothor-in-law, William Bennett, 
JEsq., who advancod him the requisite money for tho 
purpose—about 280/.,—and llio patont was scoured in 
Juno 1840. Tho first hammer, of 80 cwt., was made for 
tho Fatricroft works, with tho consent of tho partners; and 
in tho course of a fow weeks it was in full work. Tho 
precision and beauty of its notion—tho porfeot ease with 
which it was managed, and tho untiring foreo of its per¬ 
cussive blows—were the admiration of all who saw it; and 
from that moment tho steam-hammer bocamo a recognised 
power in modern mechanics. Tho variety or gradation of 
its blows was such, that it was found practicable to mani¬ 
pulate a hammor of ton tons as easily as if it lmd only boon 
of ton ounces weight. It was under suoh complete control 
that while descending with its greatest momontnm, it 
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could be arrested at any point willi oven greater oaao tlian 
any instrument used by band. "While oapable of forging 
an Armstrong hundred-pounder, or the sheet-anchor for a 
ship of the lino, it could hammor a nail, or oraok a nut 
without bruising the kornol. When it oome into general 
use, the facilities which it afforded for executing all kinds 
of forging had the effect of greatly increasing the quantity of 
work done, at the same timo that expense was saved. The 
cost of making anchors was reduced by at least 50 por cent., 
while the quality of the forging was improved. Before its 
invention the manufacture of a shaft of 15 or 20 owt. re¬ 
quired the concentrated exertions of a large establishment, 
and its successful execution was regarded as a great triumph 
of skill; whereas forgings of 20 and 30 tons weight are 
now things of almost every-day occurrence. Its advantages 
wore so obvious, that its adoption soon became general, 
and in the course of a few years Nasmyth steam-hammers 
wore to be found in eveiy well-appointed workshop both 
at homo and abroad. Many modifications have been made 
in the tool, by Condie, Morrison, Naylor, Bigby, and others; 
but Nasmyth's was the father of them all, and still holds 
its ground.* 

Among the important uses to which this hammer has of 
late years been applied, is the manufucturo of iron plates 
for covering our ships of war, and the fabrication of the 
immense wroughfc-iron ordnance of Armstrong, Whitworth, 
and Blakely. But for the steam-hammer, indeed, it is 
doubtful whether such weapons could have been made. It 
is also used for tlio ro-uianufaoture of iron in various other 
forms, to say nothing of the groatly extended use which it 

• Mr, Nasmyth lias lately intro- the operation of a single lever; and by 
laced, with the assistance of Mr. Wilson this improvement the machine has nt- 
of tho Low Moor Iron Works, a new, tained a rapidity of action and change 
exceedingly ingenious, and very simple of motion suitable to the powers of the 
contrivance for working tho hammer, engine, and the form or consistency of 
By thU application any length of tho articles under the hammer.—Mr. 
it robe, any amount of blow, and any I‘'AinrsA,mrf’s depart on tho Pari* Uni- 
amount of variation con ha given by versal Exhibition of 1855, p. IQOi 
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has boon tlio clireot moans of ofiboliug in wroughl-iron and 
■stool forgings in overy description of machinery, from the 
largest marine steam-engines to tho most nico and dolioaio 
parts of toxtilo moehauism. “ It is not loo mnoli to say,” 
observes a writer in tho Engineer, “ that, withont Nasmyth's 
stoam-hammor, wo must liavo stopped short in many of 
those gigantic engineering works which, but for the decay 
of all wonder in us, would bo tho perpotual wonder of Lbis 
ago, and which liavo enabled our modem engineers to tako 
rank above tho gods of all mythologies. Thoro is one uso 
to which tho stoam-hammor is now becoming extousivoly 
appliod by some of our manufaoliu'ors that deserves ospocial 
mention, rather for tho prospect which it opens to us than 
for what has already boon actually accomplished. "Wo 
alludo to the manufacture of largo arliolos in dies. At 0110 
manufactory in the country, railway wheols, for o.vainplo, 
aro being manufactured with onormous ooonomy by this 
means. Tho various parts of tho whools aro produoed in 
quantity either Ly rolling or by dios undor tho hammer; 
these parts aro brought together in their rclativo positions 
in a mould, heated to a welding heat, and then by a blow 
of tho steam hammer, furnished with dios, aro stamped 
into a oomploto and all hut finished wlieol. It is evident 
that wlierovor wrouglit-iron artiolos of a manageable siso 
have to ho produced in considomhlo quantities, tho same 
proooss may ho adopted, and tho saving ofibetod by tho 
substitution of this for tho ordinary forging procoss will 
doubtless oro long prove incalculable. For this, as for the 
many other advantageous uses of tho stoam-hammor, wo aro 
primarily and mainly indebted to Mr. Nasmyth. It is but 
right, tliorofoi'o, that we should hold his name in honour. 
Jn fact, when wo think of tho universal service whiolr this 
machine is rendering us, wo fool that some special expres¬ 
sion of our indebtedness to him would be a reasonable and 
grateful sorvico. Tlio benoiit which ho has conferrod upon 
<is is soi great as to justly entitle him to stand side by side 
with the few men who have gained namo and fame ns great 
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inventive engineers, and to whom wo have testified oxn 
gratitude—usually, unhappily, when it was too late for 
them to enjoy it." 

Mr. Nasmyth subsequently applied the principle of tho 
steam-hammer in the pile driver, which he invented in 
1848. Until its production, all piles had heen driven hy 
moans of a small mass of iron falling upon the head of tho 
pile with groat velocity from a considerable height,—the 
raising of the iron mass by means of the “monkey” being 
an operation that occupied much time and labour, with 
which tho results were very inoommensurate. . Pile-driv¬ 
ing was, in Mr. Nasmyth’s words, conducted on tho artillery 
or cannon-hall principle! the action being excessive and 
the mass deficient, and adapted rather for destructive than 
impulsive action. In his new and beautiful maohine, he 
applied the elastic force of steam in raising the ram or 
driving block, on whioh, the blook being disongagod, its 
whole weight of throe tons doscended on the head of the 
pile, and the process being repeated eighty times in tho 
minute, tho pile was sont homo with a rapidity that was 
quite marvellous compared with the old-fashioned system. 
In forming coffer-dams for the piers and abutments of 
bridges, quays, and harbours, and in piling the foundations 
of all kinds of masonry, the stoam pile driver was found of 
invaluable use by the engineer. At the first experiment 
made with tho machine, Mr. Nasmyth drovo a 14-ineh pile 
ilftoon feet into hard ground at the rate of 65 blows a 
minute. This pile driver was first used in forming the 
steam dock at Devonport, whore tho results were veiy strik¬ 
ing 5 and it was shortly aftor employed hy Eobert Stephen¬ 
son in piling the foundations of tho great High' Level 
Bridge at Newcastle, and tho Border Bridge at Berwick, as 
well as ih several other of his groat works. The saving of 
time effected hy this machine was very remarkable, the 
ratio being aB 1 to 18,00; that is, a .pile could be driven in 
four minutes that before required twelve hours. , One of 
the peculiar features of the invention-was that of employ- 
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ing the pilo itself as the support of the steam-hammer part 
of tho apparatus while it was being drivon, so that the pilo 
had the persuasivo aotion of tho dead weight of tire hammer 
as woll as its lively blows to induce it to sink into the 
ground. The steam-hammer sat as it wore on the 
shoulders of tho pile, while it dealt forth its ponderous 
blows on tho pile-head at tho rato of 80 a minuto, and as 
tho pilo sank, tho hammer followed it down with nevor 
relaxing activity until it was drivon homo to tire inquired 
dopth. One of the most ingoniouR contrivances employed 
in tho drivor, which was also adopted in the hammer, was 
tho use of steam as a buffer in tiro upper part of the cylin¬ 
der, which had the effect of a recoil spring, and greatly 
onlianocd tho foroe of tho downward blow. 

In 1846, Mr. Nasmyth designed a form of Bteam-engine 
after that of his isteam-hammer, wlrioh has been extensively 
adopted all over tho world for sorew-ships of all sizes. 
The pyramidal fom of this engino, itB great simplicity and 
get-at-ability of parts, together with tho circumstance that 
all the weighty parts of tho engine are kept low, have ren¬ 
dered it a universal favourite. Among the othor lubour- 
Baving tools invontod by Mr. Nasmyth, may bo mentioned 
tho well-known planing machino for small work, called 
“ Nasmyth’s Steam Am,” now UBod in evory large workshop. 
It was oontrivod for the purpose of executing a largo order 
for locomotives roooivod from tho Great Wostorn Kailway, 
and was found of groat uso in accolorating tho work, espe¬ 
cially in planing tho links, lovors, connootiug rods, and 
smallor kinds of wrought-iron work in tlioso engines. His 
notched drill for slots and slits was another of his handy 
inventions, whioh shortly oamo into gonoral uso. In iron¬ 
founding also he introduced a valuable praatioal improve¬ 
ment. Tho old mode of pouring the molten metal into tiro 
moulds was by means of a largo ladlo with one or two cross 
handles and levers; but many dreadful accidents ocourrcd 
through a slip of the hand, and Mr. Nasmyth rosolvcd, if 
possible, to prevent them. The plan ho adopted was to fix 
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ii worm-wheel on. the side of tho ladlo, into which a ■worm 
was geared, and by this simple contrivance one man was 
enabled to move the largost ladle on its axis with perfect 
ease and safety. By this means the work was mow 
promptly performed, and accidents entirely avoided. 

Mr. Nasmyth’s skill in invention was backed by great 
energy and a large fund of common sense—qualities not 
often found united. These proved of muoh service to the 
concern of which he was the head, and indeed constituted 
the vital foroe. The firm prospered as it deserved; and 
they executed orders not only for England, but for most 
countries in the civilized world. Mi-. Nasmyth had tho 
advantage of being trained in a good school—that of Henry 
Maudalay—where ho had not only learnt handicraft undei 
the eye of that great nieolianio, bnt the art of organizing 
labour, and (what is of great value to an employer) know¬ 
ledge of tbo characters of workmen. Yet tho Nasmyth firm 
were not without their troubles as respected the mechanics 
in their employment, and on one occasion they had to pass 
through the ordeal of a very formidable strike. The man¬ 
ner in wbioh the invontor of the steam-hammer literally 
“ Scotched ” this strike was very oharaoteristio. 

A clover young man employed by the firm as a brass 
founder, being found to have a peculiar capacity for skilled 
meohanioal work, had been advanced to the lathe. The 
other men objected to his boing so employed on tho ground 
that it was against tho rules of the trade. “But he 5 b 
a first-rate workman,” replied the employers, “and we 
think it right to advanoe a man according to hiB conduct 
and his merits." “ No matter," said tho workmen, “ it is 
against the rules, and if you do not take the man from the 
lathe, we must turn out.” “Yery well; we hold to our 
right of selecting the best men for the best places, and we 
will not take the man from the lathe.” The oonsequence 
was a general turn out. Pickets were set about the works, 
and any stray men who went thither to seek employment 
wore waylaid, and if npt induced to tnm back, were mol- 
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treated or annoyed until they wove glad to loavo. Tho 
works wore almost at a standstill. This Mato of things 
could not ho allowod to go on, and the liond of tho firm 
kostirrod liimsolf accordingly with his usual onorgy. 
IIo wont down to Scotland, searohod all tho, best mo’ 
ohanical workshops there, and aftor a tinio snecoodod in 
engaging sixty-four good hands. Ho forbade thorn coming 
by driblets, but hold them together until thoro was a full 
freight; and then they oamo, with tlioiv wives, families, 
ohosls of drawers, and oight-day olooks, in a steamboat 
spooinlly hirod for their transport from Groenoolt to Liver- 
pool. From thonoo they came by special train to Fatricroft, 
where houses wore in roadinoss for their reception. Tho 
arrival of so uumorons, woll-drossed, and respectable a corps 
of workinon and thoir families was an ovont in the neigh¬ 
bourhood, and oonld not fail to strike tho “pickets” with 
surpriso. Next morning the sixty-four Scotchmen as¬ 
sembled in the yard at Patrioroft, and after giving “ throo 
cheers,” went quietly to thoir work. Tho “picketing” 
wont on for a lit Ho whilo longor, but it was of no uso 
against a body of strong men who stood “sliouthor to 
ehoutlior," as tho now hands did. It was ovon bruited 
about that there woro “ more trains to fellow! ” It very 
soon hocamo dear that tho baok of the strike was broken, 
Tho mou rotuniod to their work, and tho olovor brass 
founder continuod at ■ his turning-]atho, from which lie 
epoodily rose to still higher employment. 

Notwithstanding the lossos anil Bufforing occasioned by 
strikes, Mr. Nasmyth holds tho opinion that thoy have on 
tho whole produced muoh more good than ovil, Thoy have 
sowed to stimulate invention in an extraordinary degree, 
Somo of tho most important labour-saving prooossos now in 
common uso are directly traconblo to thorn. In tho ouso oi 
many, of our most potent self-acting tools and machines, 
manufacturers could, nut be induced to adopt tliom until 
compelled to do so by strikes. This was tho case with tho 
solf-aoting undo, the wool-combing maohino, tho planing 
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maohine, the slotting maohine, Nasmyth’s stoam arm, and 
many others. Thus, even in the meohanical world, there 
may be “ a soul of goodness in things evil." 

Mr. Nasmyth retired from business in December, 1856. 
Ho had tho moral courago to oome out of the groove which 
lie had so laboriously made for himself, and to leave a 
large and prosperous business, saying, “ I have now enough 
of this world’s goods; let younger men have their ohanoe.” 
He settlod down at his rural retreat in Kent, hut not to 
lead a life of idle ease, Industry had become his habit, 
and active occnpation was neoessary to his happiness. He 
foil baok upon the cultivation of those artistic tastes which 
are tho heritage of his family. "When a boy at the High 
Sohool of Edinburgh, he was so skilful in making pen and 
ink illustrations on the margins of the classics, that ho 
thus often purchased from his monitors exemption from the 
lessons of the day. Nor bad ho ceased to cultivate the ait 
during his residence at Patricroft, but was accustomed to 
fall back upon it for relaxation and enjoyment amid the 
pursuits of trade. That he possesses remarkable fertility 
of imagination, and great sMil in architectural and land¬ 
scape drawing, as woll as in the muoh more difficult art of 
delineating the human figure, will be obvious to any one 
who has seen his works,—more particularly bis “ City of St. 
Ann’s,” “Tho Fairies," and “Everybody for ever! ” which 
last was exhibited in Pall Mall, among the recent collection 
of works of Art by amateurs and others, for rolief of tho 
Lancashire distress. Ho has also brought his common 
sense to hear on such unlikely subjects as the origin of tho 
cuneiform oharaotar, Tho possession of a brick from Baby¬ 
lon set him a thinking. How had it been manufactured? 
Its under side was clearly marked by the sedges of the 
Euphrates upon which it had been laid to dry and bake in 
the sun. But how about those curious cuneiform characters ? 
How had writing assumed so remarkable a form? His sur¬ 
mise was this: that the. brickmakers, in telling'their tale of 
brxoks, used tho triangular comer of another briok, and by 
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pressing it down upon tho soft clay, loft bohind it tho tri¬ 
angular mark whioh tho cunoiform cbaraotor exliibits. 
Swell marks repeated, and placed in different relations to 
eaoli otlier, would readily represent any numbor. From tlio 
uso of tlio corner of a brick in writing, tlio transition was 
easy to a pointod stick with a triangular ond, by the uso of 
wkioli all tho cuneiform cliaraotors can readily be prodncod 
upon the soft clay. This curious question formed tho 
subject of an interesting paper read by Mr. Nasmyth before 
tho British Association at Cheltenham. 

But tho most engrossing of Mr. Nasmyth’s later pursuits 
lias been the scionco of astronomy, in whiob, by bring¬ 
ing a fresh, original mind to tho observation of oelontiul 
phenomena, ho has sucoocded in making somo of the most 
remavkablo discoveries of our time. Astronomy was ono 
of his favourite pursuits at Patrioroft, and on his retire¬ 
ment became his serious study. By repeated observations 
with a poworful reflecting telescope of his own construc¬ 
tion, ho sucooodod in making a very careful and minute 
painting of the craters, cracks, mountains, and valleys in 
tho moon’s surfaoo, for which a Council Medal was awarded 
him at tho Groat Exhibition of 1851. But tho most 
striking discovory which ho lias made by moans of his 
toloscopo—tho result of patient, continuous, and cuorgetio 
observation—has boon that of tho nature of tho sun’s sur¬ 
face, and tho cbaraotor of tho extraordinary light-giving 
bodies, apparently pOHSOSsed of voluntary motion, moving 
across it, sometimes forming spots or hollows of more than 
a hundred thousand miles in diametor. 

Tho results of these observations wore of so novol a 
cbaraotor that astronomers for somo timo hesitated to re¬ 
ceive them as facts.* Yet so omiuont an astronomer as 
Sir John Horsohel does not hesitate now to dosoribo tbom 
as “ a most wonderful disoovery.” “ According .to Mr 


* See Memoirs of the Literary an & I'hilosophM Saoicty of Munohcstm 
8ri aeries, vol. i, 407, 
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Nasmyth’s observations,” says he, “ made with a very fino 
telesoopo of his own making, the blight surface of the sun 
oonsists of separate, insulated, individual objects or things, 
all nearly or exaotly of one ocrtain definite size and shape, 
which is more like that of a willow leaf, as he describes 
them, than anything else. These leaves or soales are not 
arranged in any order (as those on a butterfly’s wing are), 
but lio crossing one another in all directions, like what 
are oallod spills in the game of spillikins; excopt at the 
borders of a spot, where they point for the most part 
inwards towards the middle of the spot,* presenting 
much the sort of appearance that the small leaves of 
somo water-plants or sea-weeds do at the edgo of a deep 
hole of clear water. The exceedingly definite shape of 
these objeots, their exact similarity one to another, and 
the way in which they lie aoross and athwart eaoh other 
(except where they form a sort of bridge across a spot, in 
which oaso they seem to affect a common direction, that, 
namely, of the bridge itself),—all these characters seem 
quite ropugnant to the notion of their being of a vaporous, 
a cloudy, or a fluid nature. Nothing remains but to con¬ 
sider them as separate and independent sheets, flakes, or 
scales, having some sort of solidity. And these flakes, be 
thoy what they may, and whatever may be said about the 
dashing of meteorio stones into the sun’s atmosphere, &o., 
are evidently the immediate sources of the solar light and heat, 
by whatever meohanism or whatever processes they may 
be enabled to develops and, as it were, elaborate these ele¬ 
ments from the bosom ot the non-luminous fluid in which 


* Sir John Handle! adds, “ Spots 
of not very irregular, and what may 
be called compact farm, covering an 
area of between seven and eight hun¬ 
dred millions of square miles, arehv 
no means uncommon. One spot which 
I measured in the year 1837 oconpled 
no less than three thousand soven 
hundred and eighty millions. taking la 


all the irregularities of its form; and 
the black space or nucleus in the middle 
of one very nearly round one wonld 
have allowed the earth to drop through 
it, leaving a thousand dear miles on 
either side; amt many instances of 
much larger spots than these are eg 
record,” 
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they appear to float. Looked at in this point of view, we 
cannot refuse to regard them as organisms of some poemliar 
and amazing kind; and though it would to too daring to 
speak of suolx organization as partaking of tiro nature of 
life, yot wo do know that vital action is competent to 
dovolop float and light, as well us olootricity. Theso 
wonderful otjocts havo teen seen by othors as well aB Mr. 
Nasmyth, so that thoro is no room to doubt of thoir 
reality.” * 

Such is the marvellous discovery made by tlio invontor 
of the stoam-flamiuor, as dosoribed by tho most distin 
guishod astronomer of tho ago. A writer in the Jddinburgh 
Jltsviaw, referring to tho subjoot in a rooont number, says 
it shows him “ to possess an iutolloot as profound as it is 
export.” Doubtless his training tts a mechanic, his habits 
of close observation and flis ready invontivonoss, whioh 
conferred so much power on him us an enginoor, proved 
of equal advantage to him when labouring ill the domain 
of physical soionoo. Bringing a fresh mind, of koon per¬ 
ception, to his now studios, and uninfluenced by pvooon- 
coived opinions, ho saw thorn in now and original lights; 
and flonoo tho extraordinary discovery abovo doscribod by 
Sir John Ilerschol. 

Some two hundred years since, a luombor of the Nasmyth 
family, Joan Nasmyth of Hamilton, was burnt for a witcli 
■—one of the lost martyrs to ignoranco and suporstilion in 
Scotland—because sho road hor Biblo with two pairs of 
spectacles- Had Mr. Nasmytlv himself lived thou, ho might, 
with his two tolosoopoR of his own making, which bring 
the sun and moon into his chamber for him to examine 
and .paint, havo boen taken for a sorooror. But fortunately 
for him, and still more so for us, Mr. Nasmyth stands bo- 
fore tho publio of this ago ns not only ono of its ablest 
mechanics, but as one of the most accomplished and original 
of Boientifio obsorvors. 


* Sin Jons IlERSCiinr, In Good Words fur April, 18fJ3, 
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AVilliam Faimaibn. 


“ Id ncieno3 Jiei o is work for all hands, mol's or loss skilled ; and ho is 
usually tho most lit to occupy tho higher posts who has risen from the 
ranks, and has experimentally acquainted himself with the nature of tho 
work to be done in caoh and every, even the humblest department.” 
J. D. Forbes. _ 


Tub development of tlio mechanical industry of England 
lnvs been bo rapid, especially as regards the wonders 
aaliiovod by tlio raachino-tools above referred to, that it 
may almost bo said to havo boon accomplished within the 
life of tho present generation. “ When X first onierod this 
city,” said Mr. Fairbairn, in his iuangnral address as 1’re¬ 
sident of tho British Association at Manchester in 1801, 
“ the whole of tho machinery was executed by hand. 
There wore neither planing, slotting, nor shaping ma¬ 
chines; and, with the exception of very imperfect lathes 
and a few drills, tho preparatory operations of construc¬ 
tion wove effected entirely by the hands of tho workmen. 
Now, everything is done by machine-tools with a degree 
of accuracy which tho unaided hand could never accom¬ 
plish. Tho automaton or solf-aotiug machine-tool has 
within itsolf nn almost creative power; in fact, bo great 
avo its powers of adaptation, that there is no operation of 
tho human hand that it does not iuiitalo."' In a letter to 
the author, Mr. Fairbairn says, “ Tho great pioneers of 
machine-tool-making wore Maudslay, Murray of Leeds, 
Clement and Fox of Derby, who were ably followed by 
Nasmyth, I'oberts, aud Whitworth, of Manchester, and 
Sir Potor Fuirlaim of Hoods;” axtd Mr. Fairbairn might 
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well liavo added, by himself,—for he hoa boon one of the 
most influential and successful of mechanical onginoors. 

William Fairbairn was born at Kelso on the 19th of 
February, 1789. Ilis parents oaoupiocl a liuuiblo but re- 
spoctablo position in lifo. His father, Andrew Fairbaim 
was the son of a gardener in the employment of Mr. Bail lie 
of Molliston, and lived at Smailholm, a villngo lying a few 
miles west of Kelso. Tracing tho Fairbairns still furl her 
back, wo find several of lliom oeoupying tho station of 
“ portioners,” or small lairds, at Earlston on tho Tweed, 
whore tho family had boon sottlod since tho days of tho 
Solemn League and Covenant. By his mother's side, tho 
subjoct of onr memoir is supposed to bo descended from 
tho anciont Border family of Douglas. 

Whilo Andrew Fairbaim (William’s father) lived nl 
Smailholm, Walter Soott was living with Mb grandmothm 
in Smailholm or Handyknowo Tower, whither he had been 
sent from Edinburgh in tho hope that change of air would 
help the euro of his disoased hip-joint; and Andrew, 
being nine years liis sonior, and a strong youth for his 
ago, was acoustomod to carry the littlo pationt about in 
his arms, until ho was ablo to walk by himsolf. At a 
later period, when Miss Soott, Walter's aunt, removed 
from Smailholm to Kelso, tho intoreourso botweon tho 
families was ronowod. Soott was then an Edinburgh ad¬ 
vocate, engaged in collecting materials for his Minstrolsy 
of the Scottish Bordor, or, os his aunt doscribcd his pur¬ 
suit, “ running after the auld wivos of the country gatherin' 
havers,” Ho used frequently to road over by the firosido 
in the ovening tho results of his ourioua industry, wluoli, 
however, were not very groatly appreciated by his nearest 
relatives; and they did not soruple to declare that for the 
“ Advooato” to go about collecting “ballants” was more 
wasto of timo as well os money. 

William Eairboim’s first schoolmaster was a dooropit 
old man who wont by the name of “Bowod Johnnio Kcr,” 
—a Camcropian, with a nasal twang,’ which his pupils 
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learnt lunch more readily tlurn thoy did Ins lessons ii) 
reading and arithmetic, notwithstanding a liberal use oi 
“the tawse.” Yet Johnnie had a taste for musio, and 
taught his pupils to sing their reading lessons, which was 
reckoned quite a novelty in education. After a short time 
our scholar was transferred to the parish-school of the 
town, kept by a Mr. White, whore he was placed unde 
the charge of a rather severe helper, who, instead of the 
tawse, administered discipline by moans of his knuckles, 
hard as hom, which he applied with a peculiar jerk to the 
orania of his pupils. At this school Willie Fairbaixn lost 
tho greater part of the singing accomjfiishments which he 
had acquired under “ Bowed Johnnie,” hut he learnt in 
lieu of them to read, from Scott and Barrow’s collections 
of prose and pootry, while he obtained some knowledge of 
arithmetic, in which he proceeded as far as practice and 
the rule of three. This constituted his whole stock of 
school-learning up to his tenth year. Out of school-hours 
ho leamt to climb the ruined walls of the old abbey of the 
town, and there was scarcely an aroh, or tower, or cranny 
of it with whioh he did not become familiar. 

Whon in his tenth year, his father, who had been 
brought up to furm-work, and po-wossed considerable prac¬ 
tical knowledge of agriculture, was offered the aharge of 
a farm at Moy in Koss-shiro, belonging to Lord Seaforth of 
Brahan Castle. The farm was of about 300 acres, situated 
on tho hanks of the river Conan, some five miles from the 
town of Dingwall. The family travelled thither in a 
covered cart, a distanco of 200 miles, through a veiy wild 
and hilly country, arriving at their destination at the end 
of October, 1790. Tho farm, when reaohod, was found 
overgrown with whins and brushwood, and oovered in 
many places with groat stones and rooks; it was, in short, 
as nearly in a stato of nature as it was possiblo to bo. 
Tho houso intended for the farmer's reception was not 
finished, and Andrew Fairbairn, with his wifo and fivo 
children, had to tako temporary refuge in a misorable 
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Iiovol, very unlike tho comfortable hou.so which they bad 
quitted at Kolso. By next Bpring, liowovor, the now 
house was roady; and Andrew Fuirbaim not vigorously 
to work at tlio reclamation of the land. After .about two 
years’ labours it exhibited an altogether different appear¬ 
ance, and in placo of whins and stones thoro were to 
bo soon lioavy crops of barley and turnips. Tho barren 
years of J800 and 1801, however, pressed very hardly on 
Andrew Fair-bairn as on every other farmer of arahlo land. 
About that timo, Andrew’s brother J’utor, who acted as 
secretary to Lord Soaforlh, and through whoso influence 
the former had obtained tho farm, loft Bralian Castle for the 
Wost Indies with his Lordship, who—notwithstanding his 
boing both deaf and dumb—had boon appointed to tho 
Governorship of Barbadoos; and in consequence of various 
difficulties whioh ocourrod shortly aftor his leaving, Andrew 
Fairbaim found it nooessary to give up his holding, where¬ 
upon ho engaged as steward to Mackenzie of Allongrango, 
with .whom he remained for two years. 

Wliilo the family lived at Moy, nono of tho boys wore 
put to soliool. They could not bo spared from tho, farm 
and the household. Thoso of thorn that could not work 
afield were wanted to help to nurse tho younger children 
at home. But Andrew Fair-bairn possessed a great treasure 
in his wife, who was a woman of umolr otiorgy of charaotor, 
setting hofore hor children an oxample of paliont industry, 
thrift, disoroolnoss, and pioty, which oould not fail to oxor- 
ciso a powerful influence upon them in after-life; and this, 
of itself, was an education whioh probably far more than 
compensated for the hoys’ loss of school-culture during thoir 
life at Moy. Mrs. Fairbaim span and mudo all the children’s 
clothes, as well as tho blankets and shooting; and, while 
in the Highlands, slro not only made her own and hor 
daughters’ drossos, and her sons’jackets and trowsora, hut 
her husband’s coats and waistcoats; besides helping her 
neighbours to out out thoir olotliing for family wear. 

One of William’s duties at home was to nurse his youngoi 
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brother Peter, then a delicate child under two years old j 
and to relieve himself of tho labour of carrying him about, 
ho began the construction of a, little waggon in which to 
whool him. .This was, however, a work of some diffi 
culty, as all the tools ho possessed woro only a knife, a 
gimlet, and an old saw. With these implements, a piece 
of thin hoard, and a fow nails, ho nevertheless contrived 
to mako a tolerably serviceable waggon-body. His ohief 
diJIicu]ty consisted in making tho wheels, which he con¬ 
trived to surmount by cutting sections from the stom of a 
small aldor-tree, and with a red-hot poker ho horod the 
roquisito holes in their centres to rccoive the axle. The 
waggon was then mounted on its four wheels, and to tho 
great joy of its maker was found to. answer its purpose 
admirably. In it ho wheeled his little brother—afterwards 
well known as Sir l’otor Pah-bairn, mayor of LeedB—in 
varions directions about the farm, and sometimes to a con¬ 
siderable distanco from it j aud the vehicle was regarded 
on the wholo as a decided succoss. His father encouraged 
him in his little feats of construction of a similar kind, and 
ho proceeded to make and rig miniature boats, and ships, 
and then miniature wind and water mills, in wbioli last art 
he acquired such experlness that he had sometimes five 
or six mills going at a time. The machinery was all 
nmdo with a knife, the water-spouts being formed by tho 
bark of a treo, and the millstones represented by round 
diaos of the same material. Suoh wore the first constructive 
efforts of tho future millwright and engineer. 

When the family removed to Allen grange in 1801,thoboys 
were soni to school at Mulochy, abont a mile and a half 
distant from tho farm. Tho school was attended by abont 
forty barefooted boys in tartan kilts, and about twenty girls, 
all of the poorer olass., The schoolmaster was one.Honald 
Erazer, a good teacher, but. a sovero disoiplinorian. Under 
him, William made somo progress in reading, writing, and 
arithmetic; and though he himself has often lamented thp 
jncagreness of his school instruction, it is clear, from what 
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he liaa sinco boon enabled to accomplish, that those early 
lessons wore enough at all ovonls to sot him fairly on the 
road of self-culture, and proved the fruitful seed of much 
valuable intellectual labour, na woll as of many excellent 
practical books. 

After two years’ trial of his now situation, which was by 
no means satisfactory, Androw Fairbairn dotormined again 
to roxnovo southward with his family; and, soiling off every¬ 
thing, they sot sail from Cromarty for Loith in Juno, 180.‘S. 
Having soon liis wife and children temporarily settled at 
Kelso, ho looked out for a situation, and shortly aftor pro¬ 
ceeded to undertake the management of Sir William 
Ingloby’s farm at Ripley in Yorkshire. Moamvhile William 
was placed for threo months under the chargo of his 
uncle William, tlio parish schoolmaster of Galashiels, for 
the purpose of roooiving instruotion in book-keeping and 
land-surveying, from which ho derived considerable benefit. 
Ho conld not, however, romain longer at school; for boiug 
of tiro ago of fourteen, it was thought necessary that he 
should bo sot to work without further dolay. His first om- 
ploymont wub on the fine now bridge at Kolso, then in 
courso of construction after the designs of Mr. Ronnie; but 
in helping ono day to cany a hnndburrow-load of stono, his 
strength proving insufficient, ho gavo way undor it, and tho 
stones fell upon him, one of thorn inflicting a serious wound 
on his log, which kept him a cripplo for months. In tho 
moan timo liis father, being dissatisfied with his prospoots at 
Kiploy, accepted tho appointment of manager of tho I’oroy 
Main Colliery Company’s farm in tho neighbourhood of 
Newcastlo on-Tyno, whitlior ho proceeded with his family 
towards tho end of 180fl, William joining thorn in tho 
following February, when tho wound in his log had suffici¬ 
ently hoalod to enable him to travol. 

Percy Main is situated within two milos of North Shields, 
and is ono of the largest collieries in that district, “Wil¬ 
liam was immediately set to work at tho oolliory, his first 
employment being to lead coals from behind tho screen 
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to the pitmen's houses. His Scotoh accent, and perhaps 
bis awkwardness, exposod him to much annoyance from 
the “ pit lads,” who were a very rough and profligate set; 
and as boxing was a favourite pastime among them, our 
youth had to fight his way to their respeofc, passing through 
a campaign of no less than seventeen pitched battles. He 
was several times on the point of abandoning the work 
altogether, rather than undergo tho buffotings and insults 
to which he was almost a daily martyr, when a protracted 
oontest with one of the noted boxers of the collieiy, in 
which he proved the victor, at length relieved him from 
further porseoution. 

In tho following year, at the age of sixteen, he was arti¬ 
cled as an engineer for five years to the owners of Percy 
Main, and was placed under the charge of Mr. Bobinson, 
the engine-wright of tho colliery. His wageB as apprentice 
wero 8s. a week; hut by working over-hours, making 
wooden wodges used in pit-work, and blocking out seg¬ 
ments of solid oak required for walling the sides of the 
mine, he considerably increased his earnings, whioh en¬ 
abled him to add to the gross income of the family, who 
were still struggling with the difficulties of small means 
and increasing expenses, "When not engaged upon over¬ 
work in tho evenings, he oooupied himself in self-educa¬ 
tion. He drow up a scheme of daily study with this object, 
to which ho endeavoured to adhere as olosely as possible,— 
devoting the ovenings of Mondays to mensuration and arith¬ 
metic-; Tuesdays to history and poetry; Wednesdays to re- 
evoation, novels, and romances; Thursdays to algebra and 
mathematics; Fridays to Euolid and trigonometry; Satur¬ 
days to recreation; and Sundays to church, Milton, and 
recreation. He was enabled to extend the range of his 
reading by tho help of tho North Shields Subscription 
Library, to whioh his father entered him a subscriber. 
Portions of his spare time were also occasionally devotod 
to mechanical construction, in which he cultivated the 
useful art of handling tools. One of his first attempts wa* - 
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tho coutrivauoo of a piooo of machinery worked by a woight 
and a pondulnm, that should at tho same time servo for a 
tiuuipioeo and an orrery; but his want of moans, as well as 
of time, prevented him prosecuting this contrivance to com¬ 
pletion. Ho was more successful with tho construction of 
a fiddle, on which ho was ambitions to bocomo a performer. 
It must hiwo boon a tolorablo instrument, for a professional 
player ollorcd him 20s. for it. But though ho succeeded in 
making a fiddle, and for some limo porsevored in tiro at¬ 
tempt to play upon it, ho did not suooeed in producing any 
satisfactory inolody, and at length guvo up tho attempt, 
convinced that nature had not intended him for a musician.* 
In duo coui’so of tuno our young onginoor was removed 
from tho workshop, and appointed to take clmrgo of the 
pumps of tho mine and tho steara-ongino by which they 
wore kopt in work. This employment was moro to his 
taste, gave him better “ insight,” and afforded him greater 
opportunities for improvement. Tho work was, however, 
very trying, and at times severe, ospeoially in winter, the 


* hong niter, whim married anil 
settled nl. Mancliosior, Inc fiddle, which 
hmlboon carefully preserved, was lakon 
dawu from tho shelf for tho amusement 
of theublldren i hut though tliuy were 
well enough pleased with It, the iiistru- 
niont was nover brought from its place 
without creating alarm in the miwl of 
their mother lost tuiyhody should hear 
it. At Iongtha dancing-mastur, who 
was giving lessons in tho nolghbour- 
hood, borrowed tho fiddle, and, to tha 
great relief of tho family, Havas never re¬ 
turned. Many yews Inter Mr. Fnlrbairn 
leas present at the starting of a cotton 
mill at Wess erling in Alsace belonging 
to Messrs. Gros, Doval, and Co., for 
which Ilia Munch ester firm had pro¬ 
vided tho mill-work and wnter-wbeel 
(the first orooted in Franco on the sus¬ 
pension principle), whon tho evont was 
followed by an entertainment. During 
dinner Mr. Ftiirbaim haul been explain¬ 


ing to M. fires, who spoke a liltlc 
English, tho nature of home-brewed 
brer, which liu much adniircil, 1 laving 
liiatod it when in England. Tho dinner 
was followed by niusio, 111 tho perform- 
anco of which tho host liimaelf took 
part; mid on Mr. t'nirlmim’a mlmiriug 
his excciiLinii on tho violin, M. Oros 
risked him if he playod. “ A ilttlo," 
was tho almost nuconacious reply, 
" Then you must have the goodness to 
piny some,” nnd the instrument was 
in a moment placed In Mb hands, amidst 
urgent requests from all sides that ho 
6ho aid play. There wus no alternative; 
so he proceeded to perform one of his 
best tunes —“ The Keel Bow.” Tho 
company listened with amazement, 
until the performer's otircer was sud¬ 
denly cut short by tho host exclaiming 
at the top of Ids voice, “ Stop, stop, 
Monsieur, by gar that bo homo-btwed 
muaibJ" 
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engineer being liable to bo drenched with water every time 
that ho descended the shaft to regulate the working of the 
pumps; but, thanks to a stout constitution, lie bore through 
those exposures without injury, though others sank undor 
them. At this period he had the advantage of occasional 
days of leisure, to which ho was entitled by reason of his 
nightworlt; and during snch loisnre he usually applied 
himself to reading and study. 

It was about this time that William Fairbaim made the 
acquaintance of George Stepliouson, while the latter was 
employed in working tho ballast-engine at Willington 
Quay. He greatly ■ admired George as a workman! and 
was accustomed in the summer evenings to go over to 
the Quay oooasionally and take charge of George’s engine, 
to enable him to earn a few shillings extra by heaving 
ballast out of the collier vessels. Stophenson’s zeal in the 
pursuit of mechanical knowledge probably waH not without 
its influence in stimulating William Fairbaim himself to 
cany on so diligently tho work of self-culture. But little 
could the latter liavo droomt, while serving his apprentice¬ 
ship at Percy Main, that his Mend George Stephenson, tho 
brakesman, should yet be recognised aB among the greatest 
engineers of his age, and that he himself should have the 
opportunity, in his oapaoity of President of the Institute of 
Mechanical Engineers at Newcastle, of making public ac¬ 
knowledgment of tho opportunities for education which he 
had enjoyed in that neighbourhood in his early years.* 

* “Although not ft native of Now- have boon there to address them. Being 
castlo," ha then said, “ he owed almost self-taught, but with some little ambi- 
cverythlng to Newcastle Ilo got tho tion, and. u determination to Improve 
rudiments of his ednention thore, such himself, he was now enabled io stand 
as it was; and that was (something before them with some preteusiom to 
like that of his layered predecessor ineohmiioal knowledge, and the porsua- 
Goorge Stephenson) nt a colliery. II® slim tlmt ho had been a useful con- 
was brought up ns tin engineer at tho tributor to practical science aud' objects 
Percy Main Colliery. Flo was there commoted with mechanical engineer- 
seven years; and if it lmd not been ing ''—Mcelhifi of the TneUtute of ifa- 
for Hie opportunities he thon oiqoyod, chanimi Engineers at Neioousffe-oit* 
together with the use of the library nt 7)/ne, I8f>8. 

North Shields, ho believed ho would not 

X 2 
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Having finished his fivo yoars’ apprenticeship at Percy 
Main, by' which time he had reaahod his twenty-first year, 
William. Pair bairn shortly after determined to go forth 
into tho world in soaroh of experience. At Newcastle ho 
found employment os a millwright for a fow weeks, during 
wliioh ho worked at the orootion of a sawmill in tho Close. 
Prom thonco ho went to Bodlington at an advanced wago. 
lie romainod thoro for six months, during which he was so 
fortuuato as to make the acquaintance of Miss Mar, who 
fivo yoars after, when ills wandorings had ooasod, bocniuo 
his wife. On tlio completion of tho job on which ho had 
heon employed, our engineer prepared to nmko another 
change. Work was difficult to ho had in tho North, and, 
joined by a comrade, ho rosolved to try his fortune in 
London. Adopting tho cheapest route, ho took passage by 
a Shields collier, in which ho sailed for tho Thnmos on tlio 
11th of Dooombev, 1811. It was llion war-time, and tho 
vossel was very short-hondod, tho orow consisting only of 
threo old men and throo hoys, with tlio skippor and mute; 
so that tho vassal was no soonor fairly at sea than both tlio 
passenger youths had to loud a hand in working her, and 
this continued for tho groator part of tho voyogo. Tho 
weather was very rough, ivud in oonsoquonco of tho cap¬ 
tain's anxioty to avoid privatoors ho huggod tho shoro too 
close, and wlion navigating tho inside passage of tho Swiii, 
betwcon Yarmouth and tlio Noro, tho vossol very nurrowly 
osoaped shipwreck, After boating about along shoro, the 
captain half drnnlc tho greater part of tho tirao, tho vossol 
at last reached tho Tkamos with loss of spars and an 
anohor, after a tedious voyage of fourteen days. 

On arriving off Blackwell the captain went ashore osten¬ 
sibly in search of the Coal Exchango, taking our young 
engineer with him. Tho fonner was still undor tho influ¬ 
ence of drink; and though he failed to roaoh the Exchange 
that night, ho .succeeded in reaching a public houso in 
Wapping, beyond which he oould not bo got. At ten 
o'clock the two started on their return to the ship; but 
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the captain took the opportunity of the darkness to sepa¬ 
rate from Ins companion, and did not reach the ship until 
next morning. It afterwards came out that he had been 
taken up and lodged in the watch-house. The youth, 
left alone in the streets of the strange city, felt himself in 
an awkward dilomma. He asked the next watchman he 
met to recommend him to a lodging, on whioh the man 
took him to a house in New Gravel Lane, where he suc¬ 
ceeded in finding aooommodation. What was his horror 
next morning to learn that a whole family—the Willjam- 
Bons—had heen murdered in the very next house during 
tho night I Making the best of his way baok to the ship, 
he found that bis comrade, who had suffered dreadfully 
from sea-sickness during tho voyage, had nearly recovered, 
and was able to aooompany him into the City in search of 
work. 

Wo procoed to quote his own words: “Finding our¬ 
selves in this unpleasant plight, we paid our passage, hade 
adiou to tho Mate, and entered the great City with about 
71 . 15*. between us. This sum had to last us five weeks. 
The first weok was employed in searohing for work, and 
the other four weeks in waiting for the dooision of the 
Old Sooioty of Shipwrights as to our eligibility and fitness 
to be employed and beoome members of their fraternity.” 

It may he here mentioned, that there were then three 
millwright 60 oietiea in London: one called the Old Society, 
another the New Society, and the third tho Independent 
Sooioty. These societies were not founded for die pro¬ 
tection of tho trade, but for the maintenance of high wages, 
and for the exolusion of all those who oould not assert their 
claims to work in London and other corporate towns, laws 
of a most arbitrary character were enforced, and the societies 
were governed by cliques of self-appointed officers, who 
never failed to take care of their own interests. 

To return to tho narrative: “ We got employment from 
the late Mr. John Bennie, the celebrated engineor. On 
applying to him, he enquired whore I had come from? I 
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said, ‘From Nowoastlo.’ His reply was, ‘Go to John 
Walker, and toll him to sot you to work j hut what the 
dovil made you leave Nowcast lo at this time of tho year?’ 
I answorod, 1 Necessityand there ended the interview. 

“ Mr. Walker directed us to tho Soorotary of the Sooioty, 
ns- thoy had nono hut Sooioty mop in the shop. On appli¬ 
cation lo tho SooroLary, wo woro informed that our claims 
could not he investigated until tho next monthly mooting, 
and wo had therefore nearly four weeks to wait until tho 
timo of trial arrivod. During that time wo lived in a 
gtirrot up four pairs of stairs in a court olf St. Martin’s- 
lano. Wo manufactured two seven years’ indentures, and 
waited, with no small degree of tremor and excitement, for 
tho day on whioli wo wero to appear bofore tho arbitrators 
of our future destinies in London. 

“ Before the time arrived, we found, to our mortification, 
that tho water-mark on the stamped paper of tho now in- 
don lures was three yoara later than the date of tho inden¬ 
tures themselves, We had, thereforo, to sot to work, and 
erase tho date, whioh no doubt awakoned snspioion in tho 
minds of tho Cnmmilteo wlion the indentures woro pre¬ 
sented; and wliioh ended, and that vory proporly, in our 
ontxi'o discomfiture. I mention tlioso things to bIiow to 
what straits wo woro driven; and for years afterwards I 
heartily repented of this improper attempt at docoptiou. 
For although tho junta of workman lmd no right to impose 
restrictions upon our froo labour, yot I oould novor justify 
tho attempt wo mado to outer tho Sooioty under falso pro- 
tonoos. But, ho this as it may, when tho day of trial 
arrived wo woro at onco deolarod illegitimate, and sont 
adrift to soek our fortnnos olnowhoro. And thus onded our 
first attempt at tho groat metropolis.” 

Their first application for leavo to work in London 
having thus disastrously ended, the two youths determined 
to try their fortune in tho oountry, and with aching 
hearts they started next morning beforo daylight. Their 
hopes had boon suddenly crushed, their slondor funis 
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were nearly' exhausted, and they scarce knew where to 
turn. But they set tlioir faces bravely northward, and 
pushed along tho high road, through slush aud snow, as 
far as Hertford, which they reached after nearly eight 
hours’ walking, on tho moderate fare during their journey 
of a ponny roll and a pint of ale each. Though wet to the 
skin, they immediately sought out a master millwright, 
unci applied for work. Ho said ho had no job vacant at 
present; hut, seeing their sorry plight, he had compassion 
upon them, and said, “ Though I cannot give you employ¬ 
ment, yon seem to bo two nico lads;” and ho concluded 
by ollbiing Fairbaim a half-crown. But his proud spirit 
revolted at taking money whioh ho had not earned; and 
he declined tho proffered gift with thanks, saying he was 
sorry thoy could not have work. Ho then turned away 
from tho door, on which his companion, mortified by liis 
refusal to accept the half-orown at a time when they were 
reduced almost to their last ponny, broke out in bitter 
remonstrances and regrets. Weary, wet, and disheartened, 
the two turned into Hertford ohurolryard, and rested for a 
whilo upon a tombstone, Hairbaim’s companion relieving 
himself by a good cry, and occasional angry outbursts of 
“Why didn’t you take the half-crown?” “Gome, come, 
man I" said Fairbaim, “it's of no use orying; ohoerup; 
let’s try another road; something must soon cast up.” 
They rose aud set out again, but when they reached tho 
bridge, the dispirited youth again broke down; and, leaning 
1iib back against the parapet, said, “ I winna gang a bit 
further; lot’s got back (o London." Against this Fair- 
bairn remonstrated, saying, “ It’s of no use lamenting; wo 
must try what we can do here; if the worst comes to the 
worst, we can’list; you aro a strong chap—they’ll soon 
tako you; and as for me, I’ll join too; I think I could 
fight a bit. 1 ’ After this council of war, the pair deter¬ 
mined to find lodgings in the town for the night, and 
begin their seaioh for work anew on the morrow. 

Next day whon passing along one of the book streets of 
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Hertford, they came to a wheelwright's shop, whore they 
made the usual enquiries. The wheelwright said that ho 
did not think thero was any job to bo hod in tho town ; but 
if tho two young men pushed on to Oheshunt, he thought 
they might find work at a windmill which was under 
oontraot to bo finished in three weeks, and whore tho mill¬ 
wright wanted hands. Here was a glimpse of hope at 
last; and the strength and spirits of both rovived in an 
instant. They set out immediately; walked the seven 
miles to Cheshunt; succeeded in obtaining tho expected 
employment,; worked at the job a fortnight; and ontored 
London again with nearly three pounds in their pookota. 

Our young millwright at length succeeded in obtaining 
regular employment in the metropolis at good wages. He 
worked first at Grundy’s Patent Popery at Shadwoll, and 
afterwards at Mr. Penn’s of Greenwich, gaining much 
valuable insight, and sedulously improving his mind by 
study in his leisure hours. Among tho acquaintances he 
thoro made was an enthusiastic projector of tho name of 
Hall, who had taken out one patent for making hemp from 
bean-stalks, and contemplated taking out another for effect¬ 
ing spado tillage by steam. Tho young engineer was 
invitod to make the requisite model, whioli ho did, and it 
cost liiux both time and money, which tho out-at-elbows 
projector was unable to repay; and all that oamo of. tho 
project was tho exhibition of tho model at tho Society of 
Arts and before tho Board of Agriculture, in whoso oolloo- 
tion it is probably still to bo found. Anothor more suo- 
oossful maohine, construoted by Mr. Fuirbairn about the 
same time, was a sausago-ohopping maohine, which ho 
contrived and made for a pork butcher for 3S l. It was tho 
first order he had ever had an his own account; and, as 
the maohine when mado did its work admirably, he was 
naturally vory proud of it. Tho machine was provided 
with a fly-wheel and double orank, with oonneoting rods 
which worked a cross head. It oontained a dozen knives 
crossing each other at right angles in suoh a way as to 
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enable them to mince or divide the meat on a revolving 
block. Another part of the apparatus accomplished the 
filling of the sausages in a very expert manner, to the 
entire satisfaction of the pork-butcher. 

As work was soarce in London at the time, and our 
engineer was bent on gathering further experience in his 
trade, he determined to make a torn* in the South of 
England and South Wales j and set out from London in 
April 1813 with 7 1. in his pookot. After visiting Bath 
and Fro me, he settled to work for six weeks at Bathgate; 
after whioh he travelled by Bradford and Trowbridge— 
always on foot—to Bristol. From thence he travelled 
through South Wales, spending a few days eaoh at New¬ 
port, Llandaff, and Cardiff, whore he took ship for Dublin. 
By the time he reaohed Ireland his means were all hut 
exhausted, only three-halfpenoe remaining in his pocket; 
hut, being young, hopeful, skilful, and industrious, he was 
light of heart, and lookoil cheerfully forward. The next 
day he sucooeded in finding employment at Mr. Bobin- 
sou’s, of the Phoenix Foundry, where he was put to work 
at onoo upon a set of patterns for some nail-maohiuery. 
Mr. Bohinson was a man of spirit and enterprise, and, 
Hoeing the quantities of English machine-made nails 
imported into Ireland, he was desirous of giving Irish 
industry the benefit of the manufacture. The construction 
of the nail-making machinery ocoupied Mr. Fairbairn the 
entire summer; and on its completion he set sail in the 
month of October for Liverpool. It may he added, that, 
notwithstanding the expense inourred by Mr. Robinson in 
sotting up the new nail-maohinery, hiB workmen threatened 
him with a strike if he ventured to use it. As he could 
not brave the opposition of the Unionists, then all-powerful 
in Dublin, tho machinery was never sot to work; the nail- 
making trade left Ireland, never to return; and the Irish 
market was thenceforward supplied entirely with English- 
made nails. The Dublin iron-manufaoture was ruined in 
the sanro way; not through any local disadvantages, but 
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solely by tlio prohibitory regulations onforood by the 
•workmen of tlio Trades’ Unions. 

Anivocl at Liverpool, after a voyago of two days—which 
was then considered a fair passage—our onginoor pio- 
cooded to Manchester, whioli had already becomo tho prin¬ 
cipal centre of manufacturing operations in the North of 
England. As we have already seen in tho memoirs of 
Nasmyth, lioberis, and Whitworth, Manchester offered 
great attractions for highly-slcilled mechanics; and it was 
as fortunate for Manchester as for William Eairhairn 
himself that he settled down there as a working mill¬ 
wright in the year 1814, bringing with him no oapital, 
hut an abundance of energy, skill, and practical experience 
in his trade. Afterwards describing the characteristics of 
tho millwright of that time, Mr. Eairbaim said— “ In those 
days a good millwright was a man of largo resouroos; ho 
was generally well-educated, and oould draw out his own 
designs and work at tho lathe; lio had a knowledge of 
mill macliinory, pumps, and orancs, and could turn his 
hand to tho bench or the forgo with equal adroitness and 
facility. If hard pressed, as was frequently the caso in 
country places far from towns, ho could doviso for himself 
expedients which ouahled him to meet special require¬ 
ments, and to complete his work without assistance. This 
was the olass of men with whom I associated in early 
life—-proud of their calling, fertile in. rosourccB, and aware 
of their value in a country whero tho industrial arts wore 
rapidly developing,”* 

When William Eairhairn entered Manchester ho was 
twenty-four years of age [ and his hat still “covorod his 
family." But, being now pretty well satiated with his 
“ wauderschaft,"—as German tradesmen term their stage 
of travelling in search of trade oxporionco,—he derived to 
softlo, and, if fortune favoured him, to marry tho object of 
hie affections, to whom his heart still faithfully turned 
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during all liis wanderings. He succeeded in finding em¬ 
ployment with Mi'. Adam Parkinson, remaining with him 
for two years, working as a millwright, at good wages. 
Out of his earnings ho saved sufficient to furnish a two- 
roomed oottago oomfortahly ; and tkero wo find him fairly 
installed with his wifo hy the end of 1816. As in tho 
oaso of most men of a thoughtful turn, marriago served not 
only to sottle our engineer, but to stimulate him to moro 
energetic notion. Ho now began to aim at taking a higher 
position, and entertained the ambition of beginning busi¬ 
ness on his own account. One of his first efforts in this 
direction was the preparation of the design of a cast-iron 
bridge over tho Irwoll, at Blaokfriars, for whioh a prize 
was offered. The attempt was unsuccessful, and a stono 
bridge was eventually docided on j but tho effort made 
was croditablo, and proved tho beginning of many designs. 
The first job ho oxecuted on his own account was the 
erection of an iron consorvatory and hothouse for Mr. J. 
lliilmo, of Clayton, near Manchester; and he induoed om 
of his shopmatos, James Lillie, to join him in tho under¬ 
taking, This provod the beginning of a business connec¬ 
tion whioh lasted for a period of fifteen years, and laid the 
foundation of a partnership, tho reputation of which, in 
connection with mill-work and the construction of iron 
nulohmory gonerally, eventually bocame known all over 
the civilized world. 

Although tho patterns for the conservatory wero all 
made, and tho castings wore begun, the work was not pro* 
ooodod with, in consequence of the notice given by a Bir¬ 
mingham firm that tho plan after whioh it was proposed 
to construct it was an infringomont of their patent. The 
young firm woro consequently under the neoossity of look¬ 
ing about thorn for othor employment. And to be pre¬ 
pared for executing orders, they prooeeded in the year 
1817 to hiro a small shod at a rent of I2s,a week, in whioh 
they sot up a lathe of their own making, capable of turn¬ 
ing shafts of from 3 to 0 inohos diameter; and they hired a 
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strong Irishman to drive the wheel and assist at the heavy 
work- Their first job was the erection of a oailondor, and 
their next a calico-polishing machine j but ordors came in 
slowly, and James Lillie bogan to despair of buoocss. His 
more hopeful partner strenuously urged him to perse¬ 
verance, and so buoyed him up with hopes of orders, that 
lie determined to go on a liftlo longer. They then issuod 
cards among tlio manufacturers, and made a tour of the 
principal firms, oft'oving their services and soliciting work. 

Amongst others, Mr. Fairbaim called upon the Messrs. 
Adam and George Murray, the large cotton-spinners, taking 
with him the designs of his iron bridge, Mr. George 
Murray received bim kindly, heard his explanations, and 
invited him to call on the following day with his partner. 
The manufacturer must have boon favourably impressed 
by this interview, for next day, when Fairbaim and Lillie 
callod, ho took them over his mill, and asked whotbor they 
felt themselves competent to renew with horizontal cross- 
shafts the wholo of the work by which the mule-spinning 
machinery was turned. This was a formidable enterprise 
for a young firm without capital and almost without plant 
to undertake; hut they had confidonoo in themselves, and 
boldly replied that they wero willing and able to executes 
tho work. On this, Mr. Murray said he would call and sco 
thorn at their own workshop, to satisfy himself that they 
possessed the means of undertaking such an ordor. This 
proposal was by no moans encouraging to tho partners, 
who feared that when Mr. Murray spied the “ nakodnoss of 
the land” in that quarter, he might ropent him of his 
generous intentions. He paid his promised visit, and it is 
probable that he was more favourably impressod by tho 
individual merits of tho partners than by the excellence of 
thoir maohino-tools—of whioh they had only one, tho lathe 
whioh they had just made and set np; nevertheless ho 
gave them the order, and they began with glad hoorts and 
willing hands and minds to execute this their first contract. 
It may be Buffioient to state that by worldng lato and 
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early—from 5 in the morning until 9 at night for a con¬ 
siderable period—they succeeded in completing tho altera¬ 
tions within the time apeoified, and to Mr. Murray’s entire 
satisfaction. The practical skill of the young men being 
thus provod, and their anxiety to exeoute the work en¬ 
trusted to thorn to the best of their ability having oxcitod 
tho admiration of their employer, he took the opportunity 
of recommending them to his friends in the trade, and 
amongst others to Mr. John Kennedy, of the firm of 
MaoOonnel and Kennedy, then the largest spinners in tho 
kingdom. 

Tlio Ootton Trade had by this timo sprung into great im¬ 
portance, and was increasing with extraordinary rapidity. 
Population and woalth were pouring into South Lanca¬ 
shire, and industry and enterprise were everywhere on foot. 
Tho foundations were being laid of a system of manu¬ 
facturing iu iron, machinery, and textile fabrics of nearly 
all kinds, tho like of which has porhaps never been sur¬ 
passed in any country. It was a race of industiy, in which 
tho prizes wore won by the swift, the strong, and the 
skilled. For tho most part, tho early Lancashire manu¬ 
facturers started very nearly equal in point of worldly 
oiroumstancos, men originally of tho smallest means often 
coming to the front—workmen, weavers, mechanics, pedlers, 
farmers, or labourers—in course of timo rearing immense 
manufacturing ooncovus by sheer foroe of industry, energy, 
and personal ability. Tho description given by one of 
tho largest employers in Lancashire, of tho oapital with 
which ho started, might apply to many of them: “When I 
married,” said he, "my wife had a spinning-wheel, and 
I had a loom—that was the boginning of our fortune.” 
As an illustration of the rapid riso of Manohestor men from 
small beginnings, tho following outlino of John Kennody’s 
cursor, intimately connected as he was with tho subject of 
our memoir—may not be without interost in this place. 

John. Kennedy was one of five young men of nearly 
the $amo age, who came from the same neighbourhood in 
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Scotland, and eventually Bottled in Manchester as ootton- 
spinners about the end of last contnry. The others woro 
liis brother James, his partner James MacOonnol, and 
the brothers Murray, above inferred to—Mr. Fairbairn’s 
first extensivo omployors. John Kennedy’s parents woro 
vory worthy persons, possessed of a small hardship at 
Kuooknalling, in tho s to war try of Kirkcudbright, on which 
tlioy contrived to livo, and that was all. John was ono 
of a family of live sons and two daughters, and tho fathov 
dying early, tho responsibility and tho toil of bringing 
up these children devolved upon fho mother. Sbo was 
a slriot disciplinarian, and early impressed upon tho minds 
of her boys that, they had their own way to muko in tho 
world. Ono of tho first things slio made thorn think about 
was, tho loarniug of some usoful trade for tho purpose of 
scouring an independent living; “ for,” Baid slio, “ if you 
have gotten meohanioal skill and intelligence, and are 
honoBt and trustworthy, yon will always find employment 
and bo ready to avail yoursolvos of opportunities for ad- 
vauoing yoursolvos in life.” Though tho mother desired 
to give her sons tho bonofiis of school education, thoro was 
but little of that commodity to ho had in tlio romoto 
distriot of Knooknalling. Tho parish-school was six miles 
distant, and tho toaohing given in it was of a vory inferior 
sort—usually administered by studonts, probationers for 
tho ministry, or by lialf-fiodgod dominios, themselves more 
nooding instruction than ablo to impart it. Tho Konnodys 
could only attond tho school during a fow months in 
summor-titUQ, so that what they had acquired by the end 
of one season was often forgotton by tho beginning of tho 
noxt. They learnt, however, to road tho Testament, say 
their oatoohism, and write thoir own names. 

As the children grow up, tlioy each longed for the limo 
to oomo when they could be put to a trado. Tho family 
were poorly olad; stockings and shoos woro luxuries raroly 
indulged in; and Mr. Kennedy used in after-life to toll his 
grandohildron of a certain Sunday which ho remembered 
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shortly after Ms fathor died, when he was setting out for 
Dairy church, and had borrowed his brotbor Alexander’s 
stookings, his brother ran after him and cried, “ See that 
you keep out of the dirt, for mind you have got my 
stockings on!” John indulged in many day-dreams about 
the world that lay boyond the valley and the mountains 
whioh surrounded the place of his birth. Though a mere 
boy, the natural objeols, eternally unchangeable, whioh 
daily mot his oyes—the profound silenoe of tho scene, 
broken only by tho bloating of a solitary sheep, or the 
orowingof a distant cook, or the thrashor beating out with 
his flail the scauty grain of the black oats spread upon a 
skin in the opon air, or tho streamlets leaping from the 
rooky clefts, or tho distant chnroh-beJl sounding up the 
valley on Sundays—all bred in his mind a profound 
niohmclioly and feeling of loneliness, and he used to think 
to himself, “ What can I do to see and know something 
of tho world boyond this?” Tho greatest pleasure he 
oxporionood during that poriod was when packmen came 
rouud with their stores of olotking and hardware, and dis¬ 
played them for sale; ho eagerly listened to all that such 
visitors had to tell of the ongoings of the world beyond 
tho valley. 

Tho peoplo of tho Knooknalling district were very poor. 
Tho greater part of them were unable to support the 
younger members, whoso custom it was to movo off else¬ 
where in search of a living whon they arrived at working 
yours,—some to Amorioa, some to the West Indies, and 
some to the manufacturing distriots of the south. Whole 
families took then - departure in this way, and the few 
friendships which Kennedy formed amongst those of his 
own ago wero thus suddenly snappod, and only a great 
blank remained. But he too oould follow their example, 
and enter upon that wider world in whioh so many others 
had vontured and sucoeodod. As early as eight years of 
uge, his mothor still impressing upon her boys tlio necessity 
oi’ learning to work, John gathered courago to say to her 
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that ho 'wished to leave home and apprentice himself to 
somo handicraft business. Having seen sumo oarpcnlor.s 
working in the neighbourhood, with good clothes on their 
hacks, and hearing tbo men’s characters well spoken of, he 
thought it would he a fine thing to ho a carpenter too, 
particularly as the occupation would enable him to movo 
from place to placo and soo tho world. Ho was as yet, 
however, of too tender an ago to sot out on tho journey 
of life; hut when ho was about olovon years old, Adam 
Murray, ono of liis most intimate acquaintances, having 
gone off to servo an apprenticeship in Lancashire with 
Mr. (Hannan of Ohowbonfc, himsolf a native of tho district, 
tho ovont again awakenod. in him a strong dosiro to mi¬ 
grate from Knooltnalling. Othors had gone after Murray, 
James MacConnol and two or three more; and at length, 
at about fourteen years of ago, Konnedy himself left liis 
native homo for Lancashire. 

About the time that ho sot out, Paul Jones was ravaging 
the coasts of Galloway, and producing general oonslorau- 
tion throughout tho district. Groat exoitoment also pre¬ 
vailed through tho ooourronco of the Gordon riots in 
London, which oxtendod into romoto country plaoos; and 
Kennedy romemborod being nearly frightouod out of his 
wits on ono occasion by a poor dominio whoso sohool ho 
attended, who proaohod to his boys about tho horrors that 
wore owning upon tho land through tho introduction of 
Popoiy. The boy set out for England on tlio 2ml of 
February, 1784, mounted upon a Galloway, his litllo pack¬ 
age of olotb.es and necessaries strapped behind him. As 
he passad along the glen, recognising each familiar spot, 
liis heart was in his month, and ho darod scarcely trust 
himself to look baok. Tho ground was covered with snow, 
and nature quite frozen up. Ho had tho company of his 
brothor Alexander aB far os tbo town of Now Galloway, 
whore he slept the first night. The next day, accompanied 
by one of his future masters, Mr. James Smith, a partner 
of Mr. (Hannan's, who had originally entered his service at 
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a workman, tlioy started on ponyback for Dumfries. After 
a long day’s ride, they entered tlio town in the ovening, 
and amongst tlio things which, excited the boy’s surprise 
woio the few street-lamps of the town, and a waggon with 
four horses and four wheels. In his remote valley carts 
were as yet unknown, and ovon in Dumfries itself they 
wove comparative rarities; the common meaus of transport 
in tlio district boing what were called “ tumbling cars.' 
The day after, they reached Lougtown, and slept there; 
the boy noting another lamp. The next stago was to Car¬ 
lisle, whoro Mr. Smith, whose firm had supplied a carding 
engine and spinning-jenny to a small manufacturer in the 
town, wont to “gate” and trim them. One was put up 
in a small house, the othor in a small room; and the sight 
of thoso machines was John Konnody’s first introduction 
to cotton-spinning. While going up tho inn-stairs ho was 
amazed and not a little alarmed at seeing two men iu 
armour—ho had heard of tho battles between the Soots 
and English—and believed these to bo some of the fighting 
moil; though tlioy proved to he but offigios. Five inoro 
days woro oooupiod in travelling southward, the resting- 
plaooH being at l’ourilh, Kendal, Preston, anil Chorlcy, the 
two travellers arriving at Chowbont on Sunday tho 8th of 
February, 1784. Mr. Caiman seems to liavo collected about 
him a little oolony of Sootsmon, mostly from the samo 
neighbourhood, and iu the evening thoro was quiio an 
assembly of them at tho “Bear’s Paw,” where Kennody put 
up, to hoar tho tidings from tlioir native couuty brought 
by tlio last now comer. On tho following morning the 
boy bogau his apprenticeship us a oarpontor with tho firm 
of Oatinan and Smith, serving seven years for lus meat anil 
clothing. ITo applied himself to his trade, and became 
u good, stoady workman, Ho was thoughtful and solf- 
impvoving, always endeavouring to acquire kuowlodgo of 
new arts and to obtain insight into new machines, “ Even 
in curly life,” said ho, in the account of his career ad¬ 
dressed to his children, " I felt a strong desire to know 

T 
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•what olhors know, and was always ready to communicate 
wliat little I knew myself; and by admitting at mice my 
want of education, I found that I ofton mrnlo friends of 
tlioso on whom I lmd no claims boyoncl wliat an ardent 
desire for knowledge could givo mo.” 

His apprenticeship over, John Kennedy commenced 
business* in a small way in Manchester in 1791, in con¬ 
junction with two othor workmen, landlord and MueConnol. 
Their business was machine-making mid mulo-spilining, 
Kennedy taking the direction of tlio machine department. 
The firm at first put up thoir mules for spinning in any 
convenient garrets thoy could hire at a low rental. After 
sotno time, thoy took part of a small factory in Canal Street, 
and carried on thoir business on a larger sonic. Kennedy 
und MaoConnel afterwards ocoupiod a little factory in the 
same street,—since removed to givo place to Fnirbairii’s 
large xuaohiuo works. The progress of the firm, was steady 
and even rapid, and thoy went on building mills ami 
extending thoir business—Mr. Konnody, ns ho advanced 
in life, gathering honour, woalth, und troops of friouds. 
Notwithstanding the defects of his early education, ho 
was one of tlio few men of his olasB who Locarno dis¬ 
tinguished for his Htoravy labours in connexion principally 
with tlio ootton trade. Towaids the closo of liis lilt), ho 
prepared sovoral papers of great intorest for tlio Literary 
and Philosophical Society oi' Manchester, which aro to ho 
found printed in thoir Proceedings; ono of tlioso, on the 
Invention of tho Mule by Samuol Crompton, was for a 

* One of tho reasons which induced n loud voice, •' sold tlio eighty* fur 
Kennedy time unity to begin tho busi- only a guinea n pound I I never hem! 
ueaa of mule-spinning has boon related of such n thing.’’ Tho appmUloo 
ns follows. While employed i\b up- cnuhl not help overhearing the remark, 
prentice at. Chowbmt, lie happened to ami it set lilm d-thlnklng. Ho know 
sleep over tlio master's apartment; the piioc of cotton and tho price of 
and lata ona ovoniog, cm tho latter labour, and concluded there must be it 
returning fi’om market, his wire asked very largo margin of profit. So noon 
his success, «I’ve sold tho dghtys,” ns ho was out of his time, therefore, 
said ho, “ at a guinea n pound.” ho dotcrmlnod that ho should become 
* What,” exclaimed tlio mistress, in a cotton spinner. 
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long timo tho only record which the puhlio possessed of 
tho merits and claims of that distinguished inventor; His 
knowledge of the history of tho cotton manufacture in its 
various stages, and of mechanioal inventions generally, was 
most extensive and acourate. Among his friends he num¬ 
bered James Watt, who placed his son in his establishment 
for the purpose of acquiring knowledge and experience 
of his profession. At a much later period ho numbered 
Georgo Stephenson among his friends, having been one 
of tho first dirootors of the Liverpool and Manchester 
Railway, and one of the three judges (seleoted booause of 
lii.s sound judgmont and proved impartiality, as well as his 
knowledge of mechanical engineering) to adjudioate on 
tho oelcbratcd competition of locomotives at Eainhill. 14y 
those successive steps did tho self-helping youth become 
one of the loading men of Manchester, closing his long and 
usoftil life in 1855 at an advanced age, his mental faculties 
remaining clour and unclouded to the last. His departure 
from life was happy and tranquil—so oasy that it was for 
a timo doubtful whether ho was dead or asleep. 

To rotuni to Mr. Fairbaiin’s career, and his progress as 
a millwright and onginoor in Manchester. When he and 
bis partner undertook the extensive alterations in Mr. 
Murray’s factory, both wore in a groat measure unac¬ 
quainted with the working of cotton-mills, having until 
then boon occupied principally with oorn-mills, and print¬ 
ing and bleaching works; so that an entirely new field 
was now opened to thoir united exertions. Sedulously 
improving their opportunities, the young partners not 
only thoroughly mastered tho practical dotails of ootton- 
mill work, but they wore very shortly enabled to introduce 
a series of improvements of the greatost importance in 
this branch of our national manufactures. Bringing their 
vigorous practical miuds to boar on tho subjeot, thoy at 
once saw that the gearing of even the best mills was of 
a very clumsy and imporfoct oharaofer, Thoy found the 
machinery driven by largo square cast-iron shafts, on which 
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hngo wooden drams, some of thorn ns muoli as four foot 
in diameter, revolved at the rate of about forty revolu¬ 
tions a minute; and tko couplings were so badly fitted 
that they might bo hoard croaking and groaning a long 
way off. Tho speeds of tlio driving-shafts wore mostly 
got up by a sorios of straps and counter drums, which 
not only crowded tlio rooms, but sovionsly obslrnolod the 
light whoro most required for ooudnoting tlio dolioalo 
operations of tlio difforout mnehinos. Another eorious 
dofect lay in tlio construction of tho shafts, and in tho 
mode of fixing tho couplings, which wero constantly 
giving way, so that a woolc seldom passed without <mo 
or moro breaks down. Tho repairs wero usually mudo 
on Sundays, which wero tho millwrights’ hardest work¬ 
ing days, to their own serious moral doirimont; but 
when trade was good, every consideration was mndo to 
givo way to tho uninterrupted running of tho mills during 
tlio rest of tho week. 

It occurred to Mr. Fairbaim that tho defective arrange¬ 
ments thus briefly dosoribed, might bo remodiod by the 
introduction, of lighlor shafts driven at double or troblo 
tho velocity, smallor drums to drive tlio machinery, and 
tho uso of wrought-irou whorovor practicable, because of 
its grentor lightness and strougth compavod wilh cast iron 
and wood. Ho also simplified iho hangers and fixings by 
which tho shafting was supported, and introduced the 
“lialf-lap coupling” so well known to millwrights and 
ongineors. His partner entered fully into his views; and 
tho opportunity blmrtly presented itself of carrying Ihom 
into effect in tlio large now mill orootod in 1818, for tho 
firm of MaoOonnel and Konnody. Tho mauhinory of that 
concern proved a great improvement on all that had pro- 
oedodit; and, to Messrs. Fairbaim and fdilio’s now system 
of gearing Mr. Kennedy addod an original invention of Ids 
own in a system of double spoeds, with tho objoct of giving 
an increased quantity of twist in tho finer descriptions oi 
mule yarn. 
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“Tlio services whioh we had rendered,” says Mr. Fair- 
bairn in the Memoir which, he supplied to the author in 
1803, “and the improvements which we had introduced, 
caused ua to bo muoh talked of as good millwrights and 
ingenious young men. Our business increased amazingly, 
and a large cellar under a faotory was added to the shop. 

X was doHignor, draughtsman, and bookkeeper; and in order 
to moot all tho requirements of the concern, and keep Mr. 
.Tnllio’s department, whioh was in the shop, oonstantly 
going, I had to rise with tho sun in summer, and some 
hours before it in winter, in order to make tho entries and 
post tho books before breakfast. For the remainder of the 
day, I had oithor to draw oat the work, or to ride some 
fiftcon or twenty miles on a hired hack to confer with mill- 
OWnorH, tako dimensions, and arrange the plans in which 
proposed -works wero to bo executed. ThiB wonld often 
occupy a whole day, and what with the early rising, 
surveys of watercourses and mills, and a long rough ride, 
I was usually roady enough for my bed at night. . . . 
Four or livo years passed in this mannor; and though we 
wero always short of money, and had to work from hand 
to mouth, wo wore notwithstanding in a prosperous way 
of business. Our tools wero inoronsing in number; new 
pattorns wore made; and, at tho end of five yearn, we 
found oursolvos (in valiio of materials, slock, and tools) 
worth about 6000 1." 

Tho satisfactory oxecution of Mr. Kennedy’s work at 
onco placed tho firm of Fairbairn and Lillie in the very 
front rank of engineering millwrights, Mr. Kennedy’s 
good word was of itself a passport to fame and business, 
and as ho was more than satisfied with the manner in 
whioh liis mill inaohiuery had boon planned and e soottted, 
ho sounded their praises in all quarters. Orders poured 
in upon tliom so rapidly, that thoy had difficulty in kcoping 
paco with tho demands of tho trade. Thoy then removed 
from their original shod to larger premises in Mathex- 
stroot, where they ereoted additional lathes and otbov tool 
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machines, and eventually a sloam-ongine. They aftonvnrrts 
addod a lingo collar unilor an adjoining factory to thoir 
promises; and from time to timo provided now moans of 
tinning out work with increased oflioicnoy and despatch. 
In duo eoiu'so of timo tho linn oroetod a faotory of thoir 
own, fitted with tho most, improved machinery for turn¬ 
ing out millwork; and they wont on from one contract 
to another, until tlioir reputation, as engineers hooiuno 
widoly celebrated. In 18213-7, they supplied tho water¬ 
wheels for the extensive cotton-mills belonging to Kirk- 
man Finlay and Company, at Cutrino Hank in Ayrshire, 
These wliools uro uvon at this day regarded an among 
the most porfoot hydraulic machines in Europe. About 
tho same timo thoy supplied Lho mill gearing and water- 
maohinory for Messrs. JOsclicr and Company’s largo works 
at Zurich, umong the largest ootton mauufao lories on tho 
continont. 

In tho moan while tho industry of Manohoalor and lho 
neighbourhood, through whioh tho firm had risen and pros¬ 
pered, was not noglooted, but had tho full bonefit of tho 
various improvements which thoy wore introducing in mill 
machinery. In the oourso of a few years an entire revolu¬ 
tion was o(footed in tho gearing. Ponderous massos of 
timber and oast-iron, with thoir enormous bearings and 
couplings, gave placo to slondor rods of wrouglit-mm and 
light frames or hooks by whioh thoy woro suspended. In 
like manner, lighter yol stronger whools and pulleys woro 
introduced, tho whole arrangements woro improved, and, 
tho workmanship being greatly moro aoonrato, friotion wos 
avoidod, while the speed was increased from about 40 to 
upwards of 800 revolutions a miirato. Tho fly-wheel of 
tho engine was also convortod into a first motion by tho 
formation of tooth on its periphery, by whioh a consider¬ 
able saving was effected both in cost and powor. 

These great improvements formed quite an ora in the 
history of mill maohinory; and exorcised tho most im¬ 
portant influence on the development of the cotton, flax. 
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silk, and other branches of manufacture. Mr. Fairbairu 
says the systorn introduood by Ms firm was at first strongly 
oondemuod by leading engineers, and it was with diffloulty 
that he oonld ovorcomo the foroo of their opposition; nor 
was it until a wheel of thirty Ions weight for a pair of 
ongiuos of 100-horse power each was erected and set to 
work, that their prognostications of failure entirely ceased. 
From that timo the principles introduced by Mr. Fairbaim 
have boon adopted wherever stoam is employed as a motive 
power in mills. 

Mr, Fairbaim and his partner had a hard uphill battle 
to fight while those improvements were boing introduced; 
1ml energy and perseverance, guided by Bound judgment, 
secured thoir usual reward, and the firm became knowu as 
one of llio most thriving and enterprising in Manchester. 
Long yoars after, when addressing an assembly of working 
men, Mr. Fairbaim, while urging the necessity of labour 
and application as tho only sure means of self-improve¬ 
ment, said, “ I cun toll you from experience, that there is 
no labour so sweet, none so consolatory, as that which is 
foundod upon on honost, straightforward, and honourable 
ambition." The history of any prosperous business, how¬ 
ever, so olosoly resembles every other, and its details are 
usually of so monotonous a oharaoter, that it is unnecessary 
for us to pursue this part of the subject; and we will 
oontont ourselves with briefly indicating the several further 
improvements introduced by Mr. Fairbaim in the me¬ 
chanics of construction in the oourse of his long and useful 
oaroer. 

His improvements in wator-wheols were of groat value, 
especially as regarded the now form of bucket which ho 
introduced with tho objeot of facilitating the osoape of 
ilio air as tho water ontored the buoket abovo, and its 
roadmission as tho water emptied itself out below. This 
arrungoraont enabled tho water to act upon the wheel 
with tho maximum of olfeot in all states of the river; 
and it so generally roccmunondod itself, that it very soon 
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bccamo adopted in most water-mills both at, homo and 
abroad.* 

His labours woro not, however, confined to his own par- 
ticular calling as a mill ongincor, but wore shortly dircototl 
to othor equally important branohos or tlio oonsiruotivo 
art. Thus ho was among tho first to direct his attention 
to iron shipbuilding as a special branch of business. In 
1820, Tilr. Houston, of Johnstown, near Paisley, launched 
a light boat on tho Ardroasan Canal for tho purpose ot 
ascertaining tho spootl at which it could 1m towed by 
horses with two or three persons on board. To tlio sur¬ 
prise of Mr. Honslon and tho othor gontlomon present, it 
was found that tho labour tho horses had to perform in 
towing tlio boat was much groalor at six or seven, than at 
nine miles an hour. This anomaly whs very puzzling to 
tho experimenters, and at tho request of tho Council of tlio 
Forth and Clydo Canal, Mr. Fuirbaim, who lmd already 
bcoome oxtoimively known as a Boiontiflo mechanic, was 
requested to visit Scotland and institute a series of oxpori* 
monte with light boats to dotormino tho law of traction, 
and clour up, if possiblo, tho apparent anomalies in Mr. 
Houston’s experiments. This ho did accordingly, and tho 
results of his experiments woro afterwards published. Tho 
trials oxtonded ovor a series of years, and wore oonduetoA 
at a cost of re vend thousand pounds, Tlio first experi¬ 
ments wore made with vossels of wood, but they eventually 
lod to tho construction of iron vessels upon a largo scale 
and on an entirely now prinoiplo of oonstruotion, with 
angle iron ribs and wruught-iron sheathing plates. Tho 
results proved most valuable, and had tho olfeot of specially 
directing the attention of naval onginoers to tho employ* 
menl of iron in shipbuilding, 

Mr, Fuirbaim liimsolf fully rooognised tho valuo of the 
experiments, and proceeded to construct un iron vossol 

* The suhjeot will ho found fully embodying tho results of Ills lnrge ax* 
.veatad in Mr, Ftilfhaini's own work, porioiico, 

A Treatise on Mills an(l Mill-Wori, 
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at Ms works at Manchester, in 1831, wMch went to son tlio 
samo year. Its success was such as to induce him to begin 
iron shipbuilding on a largo scale, at the same time as the 
Messrs. Laird did at Birkenlioad; and in 1835, Mr. Fair- 
bairn established extensive works at Millwall, on (he 
Thames,—aftorwards occupied by Mr. Scott ltussell, in 
whoso yard the “ Grout Eastern” stoamship was oreoted,— 
whero in (ho course of some fourteen years he built up¬ 
wards of a hundred and twenty iron ships, some of them 
above 2000 tons burden. It was iu.faot the first great 
iron sliip-bnilding yard ill Britain, and led the way in a 
brunch of business which 1ms sinco become of first-rato 
magnitude and importance. Mr. Fairbairn was a most 
laborious experimenter in iron, and investigated in great 
dolail (ho subject of its strength, the value of different 
kinds of riveted joints compared with the solid plate, and 
(ho distribution of tiro material throughout tho structure, 
as well ns tho form of tho vessel itsolf. It would indeed 
bo diflioult to over-estimato tho valuo of his investigations 
on these points in tho earlier stages of this now highly 
important brauoh of the national industry. 

To facilitate the manufacture of his iron-sided ships, 
Mr. Fairbairn, about tho year 1830, invonted a machine 
for riveting boiler plates by steam-power. The usual 
method by which this process had before been exeouted 
was by hand-hammers, worked by meu placed at each side 
of tho plato to be rivetod, aoting simultaneously on both 
sides of llio holt. But this process was tedious and ex¬ 
pensive, as well as clumsy and impovfect; and some more 
rapid and prooi.se method of fixing tho plates firmly 
together was urgently wanted. Mr. Fuirbairn’s machine 
oomplotoly supplied tho wan t. By its moans the rivet was 
driven into its place, and firmly fastened there hy com¬ 
pression aryl a eouplo of strokes impelled hy steam. Aided 
by tho Jacquard punohing-maohino of Roberts, the riveting 
of plates of tho largest size has thus become ono of the 
simplest operations in iron-manufacturing. 
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Tho thorough knowledge which Mr. ‘Fairbairn possessor! 
of tho strength of wrought-iron in tho form of tho hollow 
hoain (which a wrmighL-iron ship really is) naturally loci 
to his boing consulted by tho lato Robert Stephenson ns lo 
the structures by means of which it was proposed to span tho 
oshiary of tho Conway and tho Straits ofMonai; and tho 
result was tho Comvay and Britannia Tubular Bridges, tho 
history of which wo have fully dosoribod elsewhere,* 
Tlioro is no reason to doubt that by far tho largest share of 
tho merit of working out tho practical details of there 
structures, and thus realizing Unhurt StophonNon’s magni¬ 
ficent idea of tho tubular liridgo, belongs to Mr. 1’uirlmini, 

lie naturally felt somewhat sore at boing so much ignored 
in tbo publications of tlio day, relative to Ms practical ex¬ 
periments as to tho strength of tubular iron. “ 1 have lmd 
to encounter,” ho sold, “ a groat deal of diilioully in con¬ 
tending for position against a host of wiser and hotter 
educated persons thun mysolf. ... I have boon reading 
tho * Life of Robert Stophonsonbut I am totally at a loss 
to understand how public men oan writo and persist in llm 
distortion of facts. I oan easily eonoeivo thaL tho authors 
would givo tho best colouring possible to tho here of thoir 
talo. But thoro is such a thiug as truth j and to givo tho 
whole merit, not oidy of a tube hung in chains, but also tho 
oxporiraonts on tho strength of tubular irou, and every¬ 
thing elso, to Mr. Stoplionson, is not oorroot. In faot ho 
never understood tlio priuoiplo of tho tubular bridgo until 
the Conway had boon finishod j and ho novor saw tho ex¬ 
periments but in two hurried visits to Millwall. So rnuoli 
fur tho aoouraoy of the book. It seems to havo boon got 
up for tho praise of Stophonson and his school,—claiming 
tho merit of a great discovery, to whioli tlioy havo not tho 
shadow of a title, beyond a very condo idea of a wrought- 


* Lives of tho Engineers, vol. iii, 
4-10-40, Sue also An Acoount of tho 
Construction of the Britannia and 


Cornea;/ tPiibutar Bridges. Jiy William 
Falrlxdm, C.K. 1848, 
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iron suspended cylinder, which I afterwards proved to bo 
usoloss.* 

In all matters connected with the qualities and strength 
of iron, he came to bo regarded as a first-rate authority, 
and his advice was often sought and highly rained. Tho 
elaborate oxporimonts instituted by him as to tho strength 
of iron of all lands have formed the subject of various 
papers which ho has read hoforo tho British Association, the 
Royal Society, and tho Litorary and Philosophical Sooiety 
of Manchester. His practical inquiries as to the strength 
of boilors have led to his being frequently callocl upon to 
investigate tho causes of boilor explosions, on which sub¬ 
ject bo lias published many elaborate reports. The 
study of this suhjoot led him to elucidate the law ac¬ 
cording to which the density of steam vavios throughout 
an extensive range of pressures and atmospheres,—in sin¬ 
gular confirmation of what had before boon provisionally 
calculated from tbo mechanical theory of boat. His dis¬ 
covery of tbo true method of preventing tho tendency of 
tubes to collapse, by dividing the flues of long boilers into 
Bhort lengths by moans of stiffening rings, arising out of 
tho same investigation, was ono of tho valuable results of 
his minute study of tbo subjeot; and is oaloulated to be of 
essential valuo in tho manufacturing districts by diminish¬ 
ing tho ohanoes of boiler explosions, andBavingtholament- 
ablo loss of life which has during the last twenty years 
boon occasioned by the malconstruction of boilers.f Among 
Mr. Fan-bairn's most rocont inquiries are those conducted 
by him at tho instance of tho British Government relative 
to tlio construction of iron-platod ships, his report of whioh 
lias not yot boon made publio, most probably for weighty 
political reasons. 


* r,utter to tlio Author, Deo. 1st, 
1804. 

f Those reports, anil his constant 
advocacy of careful periodical inapeo- 

1 1 VI S 11 I M |.11,,l,n,M,li .1 it. 

of Boiler Explosions, which he founded 
in Manchester upwards of twenty year! 
since. This association is of inestimable 

I value in having saved the lives of n 

iioii| Jed to the eBUbiianmenc or tiif 
present Association for the Proventiui 

I great number ot persons from instan¬ 
taneous death. 
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Wo might also refer to the practical improvements which 
Mr. Fairhairu 1ms boon instrumental iu introducing in tho 
construction of buildings of various kinds by tho use or 
iron. ITo lias liimsolf erected numerous iron structures, 
and pointed out tho road which other nuinufaoturors liavo 
readily followed, “I am one of those," said lie, in his 
‘ Lcutnro on tlio Progress of Engineering,’ “ who havo great 
faith in iron walls and iron beams j aud although 1 havo 
both spoken and written much on the subject, I cannot too 
forcibly recommend it (o public attention. It is now 
twenty years since I constructed an iron liouso, with tho 
machinery of a corn-mill, for ITalil 1’usha, then Sernskior 
of the Turkish army at Constantinople. I believe it was 
tho first iron-liouso built in this country j and it was con¬ 
structed at tho works at Millwall, London, in 1839.” * 
Since then iron structures of all kinds liavo boon eroded ; 
iron lighthouses, iron-und-oi'j stal palaces, iron churches, 
and iron bridgos. Iren roads have long boon worked by 
iron locomotives; and boforo many years havo passed a tole- 
gvapli of iron wire will probably bo found oiroling the globo.j 


* Useful Information far livr 
ginetrs. Bail series, BBS. Tho more 
list o( Mr. Kairli&liu’a writings would 
occupy considerable specs; lor, not¬ 
withstanding Ida great labours as an 
engineer, ho. luis alou been an industrious 
writer. Ilia pnpors on Iron, read nt 
different times boforo (lie British As¬ 
sociation, the Itoyul Society, and tho 
Literary and Philosophical Institution 
of Manchester, are of great value. Tho 
treatise on “ Iron” iu the Jinoyolopttdia 
Dritannioa is from hie pen, and ho line 
eoatriliutod a highly Interesting paper 
to Dr. Kcofi’crn’s Useful Metals uni 
Mr Alloys uu the Application of Iron 
to the purposes of Ordnance, Machinery, 
Bridges, nml House and Ship Building. 
Another vnlunblo hut less-known con- 
tiibutlou to Iren literature in hie Report 
on Mnohinery in General, published in 
the Reports on the Paris Universal 


Exhibition of lfitiS. Tho experiments 
conducted hy Mr. Kuirbaini fur the 
pnrposo of proving the excellent pro- 
pevties of iron fur shipbuilding—the 
account of which was published In the 
Transactions of the lional Sodetij— 
ovcnlunlly led to his furthor experi¬ 
ments to determine tho strength mid 
form of tho Britannia and Oonwny 
Tubular Bridges, plnte-glvdeve, and 
other constructions, the result of which 
was to establish quite a now era in 
tho history of bridge as woll ns ship 
building. 

I This passage wns published In 
1803, .Since then, telegraphs havo 
been established in every direction; 
and the ubovcpropheoy has been amply 
fulfilled. 

To the above brief account of Mr. 
Falrbnlm's life, It may bo added that 
Her Majesty, through Mr. Gladstone, 
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Wo now uso iron roofs, iron bedsteads, iron ropes, and iron 
pavement; and evon the famous “ wooden walls of Eng¬ 
land ” aro rapidly becoming reconstructed of iron. In short 
wo aro in the midst of what Mr. Worsaao has characterized 
as the Ago of Iron. 

At tho celebration of the opening of the North Wales 
hallway at Bangor, almost within sight of his iron bridgo 
across tho Straits of Monai, llobovt Stephenson said, “We 
are daily producing from tho bowels of tho earth a raw 
material, in its crude sta'o apparently of no worth, but 
whioli, when converted into a looomotivo ongino, flies over 
bridgos of tho same material, with a speed exceeding that 
of tho bird, advancing wealth and oomfort throughout the 
country. Such are tho powers of that all-civilizing instru¬ 
ment, Iron.” 

Iron indeed plays a highly important part in modem 
civilization. Out of it are formed alike tho sword and the 
ploughshare, tho cannon and tho printing-preBS; and while 
civilization continues partial and half-clevolopcd, as it still 
is, our liberties and our industry must neoessarily in a 
great moa'.uro dopond for thoir protection upon the excel¬ 
lence of our weapons of war as well as on the superiority 
of our instruments of pence. Ifcnoe the skill and. inge¬ 
nuity displayed in tho invention of rifled guns and artil¬ 
lery, and iron-sided ships and batteries, tho fabrication 
of which would ho impossible but for the extraordinary 
development of tho iron-manufacture, and tho marvellous 
power and preoisiou of our tool-malting machines, as de¬ 
scribed in preceding chapters. 

“ Our strength, wealth, and commoroe,” said Mr. Cobdon 
in the oonrso of a recent debate in the Houso of Commons, 
<< grow out of tho skilled labour of the men working in 
metals. They aro at the foundation of our manufacturing 


ofibredliini ntmronetoy is 18GB, which 
lie gratefully accepted, though (os he 
stated tn a friend) ‘‘ ho liked the old 
name cf ' William Fnirbairn of Man¬ 


chester’bettor." Sir William died on 
the 18th of August, 187-t, at the :lp» 
ags of eighty-five. 
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greatness; and iu case you woro attacked, they would at 
unco bo avaibihlo, with their bard bamls and skilled bruins, 
(o manufacture your muskets nml your cannon, your shot 
and your shell. What has given ns our Armstrongs, 
WliitwortliH, and Fairbaims, but tho froo industry of this 
oounlry ? If yon can bnild throe times more stoiun-onginoH 
than any other country, and have threefold the force of 
mechanics, to whom and lo wlmt do you owo that, but to 
tho mon who havo trainod thorn, and to those principles of 
oommorco out of which tho wealth of llio country lam 
grown? AVo who havo soiuo hand in doing that, aro not 
ignorant that wo have boon and aro increasing tho slmiglh 
of the country in proportion as wo aro raising up skilled 
artisans."* 

'l’ho render who has followed ns up to this point will 
liavo observed that handicraft labour was tho first stage of 
tho development of human power, and that machinery has 
boon its last mid highest. The uncivilized man began with 
a stone for a hammer, and a splinter of flint for a chisel, 
oaoh stage or his progress boing marked by an improve¬ 
ment in his tools. Every machine calculated to save 
labour or inoreaso production was a substantial addition to 
his powor over tho material resources of nature, enabling 
him to subjugate them mnro effectually to liis wants and 
uses; and every extension of machinery lion served to in¬ 
troduce new olftssos of tho population to tho oujoymout of 
its benefits. Iu early limos tho produots of skilled in¬ 
dustry woro for tho most part Inxmios intended for tho 
few, whereas now tho most exquisite tools and engines am 
employed in producing articles of ordinary consumption 
for tho great mass of tho oomimmity. Machines witli 
millions of fingers work for millions of purchasers—for 
tlio poor as well as tho rich; and wliilo tho machinery 
thus used onrushes its owners, it no loss onrioh.es the public 
with its produots. 


* House ot Commons Doknto, 7th July, 1863. 
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Muoli of tlio progress to which wo have adverted has 
boon tho result of the skill and industry of onr own time. 
“Indeed,” says Mr. Fairbairn, “tho mechanical operations 
of tho prosont day could not have been accomplished at 
any cost thirty years ago; and what was then considered 
impossible is now performed with an exactitude that never 
fails to accomplish the end in view." For this we are 
mainly indebted to the almost creative power of modern 
inaohino-tools, and the facilities wkioh thoy present for the 
production and reproduction of other machines. We also 
owo muoli to the mechanical agencieB einployod to drive 
thorn. Early inventors yoked wind and water to sails and 
wheels, and inado them work machinery of various kinds; 
but modorn inventors havo availed themselves of the far 
more swift and powerful, yet docile foroe of steam, which 
has now laid upon it tho heaviest share of the burden of 
toil, and indeod bcoomo tho universal drudge. Coal, water, 
and a little oil, are all that the Bteam-engine, with its 
bowels of iron and lioart of fire, needs to enable it to go 
on working nigliL and day, without rest or sleep. Yoked 
to machinery of almost infinite variety, the results of vast 
ingenuity and labour, tho steam-engine pumps water, drives 
spindlos, thrashes corn, prints books, hammers iron, ploughs 
land, saws timber, drives piles, impels ships, works rail¬ 
ways, excavates docks j and, in a word, asserts an almost 
unbounded supremacy over the materials which enter into 
tho daily use of mankind, for olothing, for labour, for de- 
fonco, for household purposes, for locomotion, for food, or 
tor instruction. 
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/. Weapons and JmpiiKmbnts ov Coppeb, Bkonzk, and Ino». 

NoTwmwrANWNa the opinions of tho Danish mwl Swiss antique- 
finns, it is doubtful whether tho ago of Bronze always preceded Ilia 
n<'u of Iron. In iron-producing countries, iron would probably bo tba 
first mclal used, as it is in Africa to this day. In other countries, 
producing iron and copper, both motels would probably bo used. 

With rnforonco to tlm note at page 8, Mr. Gladstone has supplied 
us with the following information:—"I know not wheneo Mr. 
Mnslrot obtains warrant enough for his very lucid proposition, that 
a knowledge of tho mixtures of tin, zinc, and copper, seems to liavo 
been amongst tlio earliest discovorios of tho metallurgist. Dues bo 
moan—wlmt, indeed, seems to bo rather commonly, but, as I think, 
rather erroneously assumed—that mixed metals wore usod before 
pure ones? In Ilr. Ilauiel Wilson’s work it moms to lxi clearly 
shown that n proportion of tlio utensils which have been lumped 
together as ‘ bronze,’ are really of copper only. Inquirers lmvo not, 
as yet, made uao enough of tho one great literary witness to tlio 
usages of a primitive ago. IIomkii belongs to a period between 
Stone on tho one baud aud Iron oil tho other. With him tho use 
of iron is just beginning. And it is, I think, very doubtful whether 
ho knows anything of tho mixture of metals, though ho was 
familiar with tho idea of fusing them, 1 f his ynkwr means trontx, 
thou It is surely a strangu fact that ho has no word for cqp/w, 
which must have been a very common niotal, while ho lias a word 
for tin, which was a rury rare one, and of which ho often mentions 
tho single but novor tho compound use,” 

Tlio conclusion, therefore, to which Mr. Gladstone comes, scorns 
to bo this, that so far as our presont information extends, coppei 
was the staplo material of tho implements, utensils, and weapons, 
so far as they wore metallic, of tlio ancient Greeks and Trojans, 
This viow is confirmed by the laic Sir William Wylde, tho celebrated 
frisk, antiquarian, who stated, at the meeting of tho British AsaociO" 
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tion, held in 187i, that the collection o[ metal work in the Royal 
Irish Academy showed that copper weapons, tools, and implements, 
worn in Ireland tho forerunners of bronzo or brass, as well aB of 
iron. 

There were other ancient nations to whom the vise of bronze and 
iron were aliko familiar, at a time when tho inhabitants of Western 
Europe were comparatively barbarous. Thus, Mr. Rhind found in 
the tomb of Soban at Tbcbos—a place of sepulture which he had 
reason to bcliovo had not been opened for 2000 years—iron hasps 
and nails on the massive doors of tho inner repositories, “as lustrous 
and as pliant as on the day they left the forge. 1 ’ The ancient 
Egyptians possessed an art, which seems to have become lost, 
of making bronzo of a particularly fine temper, capable of taking a 
line edge, and keeping it. Sir Gardiner Wilkinson remarks that 
smno of tlm bronzo daggers found by him in Egyptian tombs were 
ho beautifully tempered that, aftor having lain buried for nearly 
3000 years, they possessed, when dug up, an elasticity almost equal 
to that of fine stool. 

Tho Assyrians also, as appears from the remains dug up by 
Mr. Layard at Nineveh, appear to have been well acquainted with 
iron as well ns bronze, and tho iron was probably the cheapest of 
tho two metals. Tho iron was used for picks, hammers, knives, and 
saws. One of the most interesting objects in tho collection of 
Assyrian remains at tho British Museum is a rusted saw, found in 
tho north-west palaco at Niraroud—the ago of which may probably 
ho about 880 n.c., though it may have been considerably earlier. 

While tho early Eastern nations were thus familiar with the uses 
or copper, iron, bronze, and other metals, the inhabitants of Europe 
woro still living ill tho Stone Age. The Danish antiquarians may 
thus have boon led to form their theory, and to assume that the 
oarly tubes were led from the use of stone for tools and implements 
to (lie use of copper and bronzo, and finally to tho use of iron and 
Ktoel. Tho theory may bo quite true as regards the population of 
Europe; and it is probable that with them iron was one of the last 
metals to bo disoovored and used for weapons and tools. 

When Csesar landed in England be found the southern coasts 
occupiod by tho Belgne. Their currency consisted of copper or irou 
riugs, adjusted to a certain weight; and, as he states in the same 
,-reath r that tho copper was imported, it is reasonable to infer that 
Ihu iron waB of homo manufacture, “ Tin,” ho says, “ is found in 
tho inland country, and iron along tho coast; but of that the 

z 
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quantity is small; tho copper they make uso of is imported.” 
[NasciUu' ibi plumbum album in nicditermncis rcgionibus, in mari¬ 
time! fovriun; sod cjus oxigua est copia: /Ere ulunLur iiuporlato. 
‘Do Bello Gallico,’ lib. v. sect. x.] 

The Bclgas, who inhabited the coast, had brought with them the 
ait of making iron from the continent. In the clay country of the 
Would, there is abundanco of irou ore, called “iron mg.” It is 
u sort of pudding steno, composed of clay, gravel, and about 25 or 
30 per coni, of oxide of iron. It is eusy to understand hmv the 
llelgao would smelt out tlio iron—that is, by erecting a circular 
hollow tower of clay, bound round with withes to prevent the clay 
from cracking, and provided with tidies of clay near the bottom, to 
supply sullioiont air to the furnace. A fire would then bo kindled 
within it, charcoal and iron would bo poured in, one over the other, 
'Until tlio furnace was full. After thorough combustion, the clay 
ifuniaac, aftur standing for n few days, would bo broken open, and a 
iquantiity of fused irou found at the bottom, of the quality of steel. 
This could afterwards bo lioaten out into various forms, according 
to the skill and experience of tlio ironworkers. 

II. Smisltiko or Inow iiy Cokx, 

Since tlio publication of this book in 1803, Dr. Percy lias pub- 
dished his valuable work on Metallurgy. lie succeeded in obtain¬ 
ing from Mr. Abraham Darby, of South Wales, the Information 
•roiutivo to tlio smelting of irou by coko, which the author liad 
failod to got from Ooalbrookdalo, the headquarters of the Company. 
It appears that the son of tho first Abraham Darby was one. of lira 
first to employ the process. The following is tho account, given in 
Dr. Percy’s ‘ Metallurgy of Iron and Steel ’:— 

“ As tlio supply of charcoal was fast failing, Abraham Darby 
attempted to smalt with a mixture of raw coal mid charcoal, but dul 
noli succeed. Between 1730 and 1785 ho determined to (rent pit- 
coal as his clmrcoal-buruera treated wood. JIu built a fira-pruof 
hearth in tho open air, piled upon it a circular mound of coal, and 
covered it with clay and cinders, leaving access to just sufficient air 
to maintain slow combustion. Having thus made a good stock of 
coko, ho proceeded to experiment upon it ns a substitute for char¬ 
coal, Bo himself watched tlio filling of his fimmoo during six dayB 
and nights, having no regular sloop, and taking ids meals at tho 
hiruaco top. On tho sixth evening, after many disappointments, 
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the experiment succeeded, and ilio iron ran out well. He then foil 
asleep jin the bridge house at the top of his old-fashioned furnace so 
soundly that his men could not wake him, and tarried him sleeping 
to his house, a quarter of a mile distant. From that time his 
success was rapid. To increase tho power of his wuter-wheols of 
twonty-four feet diameter, ho set up a “fire-engine” (tie. an old 
atmospheric steam-engine), to raise water from under the lowest 
and send it to tho upper pond, which supplied water to tho works, 
and put in motion tho largest hollows that had boen made. He 
obtained additional leases of valuable minerals, and erected seven 
furnaces, with fivo fire-engines. In 1764 the first furnace at 
Iforsclmy was blown in. In December, 1756, *Horaebay’s work’ 
was declared to be ‘at a top pinnacle of prosperity, twenty and 
twenty-two tons per wools, and sold off as faBt as made, at profit 
enough.”’ 

Since tho publication of our first edition, Mr. Norris, of Coal- 
bruokdftlo Ironworks, has supplied us with tho following infor¬ 
mation :—“ In the days of Cold Blast, mineral fuel was always used 
in tho Furnace in the form of Coke, and raw coal was not generally 
used until tho introduction of Hot Blast. It was by coking the coal 
that Abraham Darby succeeded in making it available, and the 
merit of tho application is as groat as if raw coal had been used. 
That coal was really coked, wo have evidence of date os early as 
1718, as tho following extracts will show: 

• 1718, Sept' as 111 Old BJust Furnace D' 

Andrew Cartwright, conking 114 Stack of Coal 

‘New Blast Furnace D 1 

Andrew Cartwright conking 135 Stack of ccal,’— 

and those entries occur afterwards so regularly as to show that coal 
was coked and used invariably. Mr. Mason (see text, p. 84) must 
have boon taken by surprise, and the Follows of tho lloyal Society 
been asleep, or, what is more probable, tho matter had been kept 
quiet to secure the success of tho "Works, and to prevent objection 
to tho Iron being made, in favour of Charcoal l’igs. Bichard 
Ford dosorvos to bo credited with tho merit of being the first who 
successfully cast tho cylinders for Newcomen’s Engines.” 

Thu substitution of ooko for oharcoal, iu smelting the ore, in¬ 
volved tho nocossity of increasing tho pressure of tho blast: 
honco powerful blowing machines wore substituted for bellows. 
The first produce of the blast furnace is pig or cast iron—that is, 

a 2 
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iron in combination with carbon and silicon. To reduce this to tho 
state of malleable iron two methods are employed. One, tho oldest, 
consists in tho exposure of tho molted pig-iron in a finery or hoartli, 
to the highly oxidizing action of a blast of atmospheric air. Tlic 
other, a more recent pmolicc, consists in stirring tho moiled pig-iron 
(by the process called “puddling”) on the hod of ft reverberatory 
furnace, so as to bring each portion of the whole mass successively 
up to tho surface, and allow tho oxygen of the air to seize upon ami 
coinbiuo with tho carbon and silicon, which heemno separated from 
tho iron in the form of “ oiiidci',” leaving, as the product of ilm 
operation, malleable or wrought iron. Various methods of perfecting 
the process of converting tho east iron into malleable iron or gicui, 
have since been devised—by Ilessomer, Womens, (Jrninplon, and 
others. 


HI. Ikvkktion or t«h Smdb-ukst. 

Since tho publication of llio first edition of this book, Mr. Maiuls- 
lay’s merit as the inventor of tho Slide-rest has been denied. The 
latlio had long buon well-known on tho Continent, nud foreign 
nrtizana turned out very fine work by its means. Something 
in tho shape of a Slide-rost was also known mul described in 
mechanical books. The work of Plunder, ‘L’Art do Toumer,’ 
describes one. But tlio invention had been altogether lost sight of 
in tho workshops of Britain, until Mr. Mnuditltvy invented or re-in¬ 
vented tho Slide-rest for his own special uses. AVhon lie began his 
career as a workman, tho tools in general ubo wove of the clumsiest 
sort. There wore no solf-nctiiig tools. Everything was done hy 
hand. “ Tho rule of thumb ” was the law or the workshop. Henry 
Maudslay devoted his life to the improvement of tools, and tlio 
Hlide-rcst was his greatest helper. 

It appears, however, that a variation of tho Slide-rent had already 
been introduced into Britain, most probably by a Dutch workman. 
Tho subject was brought under our notice by General Defray, H.A., 
whila acting officially at Woolwich Arsenal, His letter to us was 
dated the 19th March, 18G7, about four years after tlio first editiou 
of this hook was published, It runs as follows- 

“I3jsA.it Mb. Smh.es,— 

“I do not know wlinl bettor nso I can ihnko or the inclosed note 
than by sending it, as the writer sugpsts to you. Your interest- 
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ing Biographies have probably inured yon to all sorts of communi¬ 
cations even more impertinent than this will be considered, 

“ The occasion is somewhat curious. Mr, Anderson called my 
attention to the circumstance of there being a slide-rest in. tho 
machinery of a model of a brass Foundry and boring-mill in the 
Rotunda at Woolwich, and wished to ascertain tho date. On ex¬ 
amination, I detected a coat-of-arms painted on the mould of a gun; 
and this coat-of-arms proves to bo that of Field-Marshal Conway, 
who was Commandor-in-Chief iu 1782. I am not aware that ho 
ever hold any high offioe in tho Ordnance; and it is not apparent 
why his arms should bo on the gun, but there seems to he no doubt 
ns to their identity. They are peculiar, and they suffice to fix 
tho date. 

" To me it is a suggestive faot. It would appear that Providence 
in a cortain sense rewarded England for her righteous opposition to 
tho principles of tho French Revolution, by transplanting n great 
mechanical principle to our country, just ns in the previous century 
wo received important branches of industry, which were driven by 
religious persecution from tho Continent. I do not think it detracts 
in any way from Maudslay’s just honour, that he received his first 
hl< a from a foreign source. 

“ Believo mo, yours sincerely, 

" J. H. Lefroy,” 

Tho letter of Mr, Anderson, to which General Lefroy alludes, is 
as follows:— 

" Maohlnory Department, Woolwich Arsenal, 

«18th March, 1867. 

“Drab General Lefroy,— 

“ Tho Mills came from Holland about 1780, and I have no doubt 
hut, that tho models wero mado at the time which you name, 
1782-3. 

"If tho abovo assumption is correct, it cuts under all thathas 
boon written on the invention of tho Slide-rest by the lato Henry 
Maudslay. As you are aware, ho was bom bohind tho ‘ Salutation* 
public-house, near the Arsenal Gate, in August, 1771. When 
quite a ohild, he became a cartridge-boy; at fourteen, he was 
transferred to the carpenter’s shop in the Royal Laboratory; at 
fifteen, to the smithy in the same department, or next door to (be 
throo slide-rests, namely, two in tho ‘ Dial’ square, and one on the 
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ground separating the said smithy from tlm north-west corn or of 
the Foundry. We can liardly liuliuvo it possible that such an eager 
mechanic an he was, oouhl have missed seeing the now lwving-mlllH 
and their Slide-rents. Maudslay left tlm Arsenal when ho was 
eighteen; then, worked a few years with Hrnnmli hel'oro lie was mmlo 
foreman, when ho invouted tho ,Slido-vesl, 

I suspect tho French and tho Dutch had their alido-reat not long 
beforo ns. I will not ontor into tho grounds on which 1 hold (his 
opinion. Hut it is not very honedt to sit still and allow the error 
to exist, lint I fear tho truth will hurt tho national vanity very 
much. Ilavo you road in iSmites’s * .Industrial Uiogvopliy* tho 
interesting chapter on this subject? It might he worth whilo to let 
him know tho facts, and then ho can please himself. 

"I have mysolf seen the slide-rests before they wero destroyed 
in 1844 or 1845 by tho late General Duiidaa; hut was not aware at 
tho time of the important historical link which they might have 
formod. I am much plouscd to know that tho model is still in 
existence. 

“I am, yours truly, 

“John Anderson” 

Tho author is much pleased to have tho opportunity of publish¬ 
ing these letters, as it is no part of his intention to conceal anything 
respecting the progress of meohnnies in England. Ibis country 
was always indebted to foreign nrtiaaiiR, who wore driven by re¬ 
ligious persecution to tako rofugo in England. In auolhor bonk, 
1 The Huguenots; their Settlements, Churches, and Industries, in 
England and Ireland,’ it has been shown, at considerable hrngth, that 
they laid tho foundations of skilled industry in this country. 

Wo have shuwn in the text (pp. 208-11) that tho foreign artizuns 
wore much bettor acquainted with tho uses of tlm latlm than tho 
English artisans wero, at tho end of last century; and we are 
doubtless indebted to them for its invention as well ns for tlmt of 
the Slide-rest, Mr. Nasmyth—to whom wo lmvo shown tho ahovo 
letters—nevertheless avers, that though llw germs of its principle 
and mechanism wore previously known in connection with turning 
lathee, wo are still mainly indebted to Henry Maudslay for (ho 
introduction of tho Slhle-rest in its thoroughly developed form; 
and that ho must still "stand as tho parent of its in traduction to 
the workshops of England.” 
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IV. Mis. Babbage’s Calculating Machine. 

Mr. llabbago, before his death, furnished the author with tho 
following account of his connection with Cloment, as regards the 
invention of the Calculating Machine:— 

“ At the commencement of lhe Difference Engine, I wanted a 
person to assist mo in the drawings, and afterwards, if necessary, to 
construct tho engine. 

“Tho lato Sir Isambard Brunei recommended Mr. Clement a; 
likely to suit me. Mr, Cloment then possessed one lathe, small 
lint very good, having also an excellent screw. His workshop, at 
that timo, was his front kitchen. The lathe had also a very valu¬ 
able Slide-rest, rather too large for it. His small stock of tools were 
all excellent of their kind. 

“As soon as any part of the Difference Engine was contrived 
and drawn, I proceeded to ask Clement what was tho received mode 
of making it. The plans then in use were tedious, and demanded 
tho skill of tho very heat of workmen. Now, as I required an 
identity amongst hundreds, and even thousands of similar parts, 
the then oxisting methods were found insufficient, 

" I suggested special tools, aud by the aid of Olemont’s admirable 
skill, and availing myself of his practical knowledge, I arranged the 
plan of several now maohiuo tools. 

“So far was the first Difference Engine from not having a print¬ 
ing apparatus, that I well remember tho disoussion I had with 
Clement on its first suggestion. I remarked that I required 
what I should call a co-ordinate machine, which I explained to 
Cloment. 

“I then sketched two slides at right angles to each other, and 
proposod lo place tlioso vortical slides at the hack of a lathe having 
a cylindrical mandril. This plan was adopted, and at once gave ns 
tho command of tho uso of circular cutters, drills, and bows, over 
every part of tho plane. Copper plates were impressed by steel 
figure punches on this maohino. 

“ Again, I required for making the bolts tho vertical motion of a 
horizontal piano upon a slide-rest. I proposed inclined planes as 
tho siraplost method', hut Clement preferred four sorews driven 
by a central wheel, which probably was tho best of tho two 

plans. 
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“Under ilia demands of the Difference Engine, the numlier of 
inaoLino tools iuevoasod, and Mr. Clement converted a largo building 
at the back of bis liouso into n. workshop. 

“The improvements in tools are mainly due to the stronger 
system of iron framing now employed. Circular cutters, slides, 
slotting, and oven pinning machines, adapted to ornnnunital turning, 
maj liu found drawn and described in several of tlw older authors 
on tho subject’' 
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Aiucub, the Greek, 252. 

African iron, excellence of, 13. 

Agriculture, earl)-,—legend, 5. 

Agriculture, improvement of, G5. 

Ancient cmroca, boats, and coracles, 
how made, 4. 

Anuiont weapons and implements, 3, 
0, 7. 

Armourers In early times, their im¬ 
portance, 10,17. 

Armour-plated ships and the steam- 
hammer, 280, 

Aahburahnm Iron Works, 35. 

Allas Works, Blimp, Huberts nud Co., 
207. 

Babbage, C., colcul. machine, 251. 

Bacon, Anth., at Merthyr Tydvil, 130. 

Barron, War, predicts inventions, 171. 

Halt'du, tire, of (inrtshorrio, 181. 

Balloon, the, mi anclenUnvcntion, 173. 

Bank, public, credit based on land, 72. 

Uiutde, Peter, gnn-fonmler, 38, 90. 

Bentlram, Sir B,, his blook-maklng and 
other machines, 218. 

Bcssomcr, Henry, Iris process of eteol 
inamilhcture, 111. 

Blackband ironstone, its value, 141, 
145,149, 159, 181. 

Black, Prof., nnd .Tamos Watt, 138. 

Uhist, the hot, invented, 141, 148, 
149, 158-00. 

Blasts lor furnaces, 12, 39, 48. 

Illowstoiie, I)r., attempts to smelt iron 
with pit-coni, 77. 

Blockmaking machinery, 220-22. 

llurmioii, M., adopts tiro stonm-hnm- 
mer, 387. 

Brnmnlr, Joseph, 183 ; Iris birth nnd 
early life; n farm boy; his inven- 
-ivo faculty; is apprenticed to a 


CARDIFF, 

carpenter; goes to London; com¬ 
mences business, 184; takes patents 
for water-closets ; makes pumps, 
&c,; invents his lock, 185; Maud- 
slay assists him ns lending work¬ 
man ; his tools for lockmaking, 187, 
189; his hydrostatic machine; his 
hydrauiio press nnd machinery, 188. 
195 ; improvaments in pumping 
machinery, 190; his beer-pump ; 
patents for improvements in steam- 
engines ; grudge agninst Watt, 191; 
his machine-tools, 192; numbering 
machine, 193; pen-cutter and other 
inventions, 194-5; practises ns 
Civil Engineer; constructs water¬ 
works at Norwich; his death, 196; 
his excellent character, 198; the 
first-rate mechanics who served 
with him, 197; his difficulty in 
finding competent workmen, 201. 

Bridge, the first iron, by Darby, 89. 

Brindley, Jos, nnd Dr. Uoebuck, 137. 

Britauln tubulnr bridge, 830. 

Bronze period In history, the, 6, 8. 

Brunei, Sir M. I., his education for 
a priest, 215; outers tha French 
Navy; is paid off; sails for Now 
York; his future wife, 218; sur¬ 
veyor and architect, &c.; comes to 
England; his numerous inventions, 
217 ; his blockmnking machinery, 
218. 

Buildings, tire first Iron, 332, 

CADtitt, Wm., Cockenzic, iron-work¬ 
ing nnd nnilmnking, 135, 136. 

Coloulnling machines and apparatus, 
251-55. 

Cannon first cast, S3. 

Cardrf Canal constructed, 131 
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CAUIIONADKS. 

C'nvronnde* undo nt Curran, lHI!. 

Cumin Iron Wmks, 135, 1117. 

Carteret, Gipt., the freewill Istmideiu, 
mnl Iron, I. 

f'liiun, prtullng of "rent antiquity 111 , 
17*2 *, suspension In'lilges, 1711 i unal- 
gaa, aiiasitliptio agents, i 7-1, 

Civil warnnmi 1 111’ iron trade, -It. 

Clement, Joseph, birth, pnnuitngc; Ilia 
iiithrr a himillotun wmvnr, also iv 
nainrnliut mnl onintcm- niccliniiio, 
liiltt; Joseph burns thatching nmi 
slating; Ilia liking for mechanics, 
‘237; reads winks on mi'i'Iiimiis; 
nuikca a turning-lathe; turns mnl 
performs on various musical instru¬ 
ments; mokes microscope mill tele¬ 
scope ; mukra .screw die-stocks, 253; 
gives up tinting; employed to make 
poiver-looms at Kirby .Stephen; Ills 
wages; removes to Carlisle, then 
to Glasgow, wliero Polar Nicholson 
troches lilm thawing, 330; removes 
to Aberdeen; Ills Improvements in 
tools) attends college, 240; pro¬ 
ceeds to London, 241 • employed 
by Bramah ns chief draughtmnnn 
and superintendent; chief draughts¬ 
man to Moudslay and Field, 24il; 
begins business; Ilia skill ns a 
draughtsman; Invents drawing-in¬ 
strument, 244; invents drawing- 
tnblo; hit Inventive faculty mid 
delight in its exercise; his improve¬ 
ments in the slidc-inliie dcscriM, 
245; his nclf-ai\justing double driv¬ 
ing ccntrc-cliuek nmi two-m'mcil 
driver, 247; his fluted taps ami 
dies and screw-cutting machinery, 
248; invents his plnning-mnuhlue, 
240; description of plmring-mneliino, 
250; employed to make Bablmge’s 
ealoulating-maehine, 251; grout cost 
of the machine, 254; Interruption of 
the work, 255; his slcain-wMslln, 
25C; his character and death, 257. 

Coal and coke in iron manufacture; 
Dudley’s process, 48 ; coke that re¬ 
gularly employed, 83; increased use 
of, 80, 88; pit-coal successfully 
used by B» Ford, 84. 


CHAW6IIAT. 

Coal, proposed tax on, 03. 

Ooallirnokdtilo Iron Works, 80-82; ex¬ 
tensions of winks, Hii, 03. 

Cohden, K., on invinl-winking, 3!l;i. 

Collet, Peter Van, inventor of e.ipin- 
sivc sheila, 34. 

Oongrevn roeki't, Knslorn origin, 171. 

Cimtmct fov mils, SI. Paul's Cliuieli- 
ymd, 30. 

Conway Tubular Bridge, 330; the 
puncliing-mocliliio, 271. 

Conk, Capt... the Snath Sea Islanders, 
mid iron, 1, 2. 

Covt, Henry, birth and parentage; n 
navy agent: experiments to im¬ 
prove mnmilhctui'i! of English Iron, 
114; takes a fmmilry nt Fnntley 
nnd becomes partner with Jelilcue, 
115; his patents, 110, 118; his 
improvements described, 117-119; 
Ills processes adopted by others, 
119; greatly iiiaiem.es tlio prailuc- 
tion, P20; his iron approved liy tlui 
Admiralty, 122; Adam JolHaie’s 
puklto defalcations involve Colt, 
123; Ids property mid patents 
seised; Ms partner put into pos¬ 
session to Celt’s exclusion, 121; 
liia inventions practically mudo ovei 
to tlio public, 125; ho is mined, 
mul appeals in vain to hove ids 
pntents restored) a pension of 20(lf. 
n year granted to him; hiu dcnlli, 
127; Covt the founder of cur Iren- 
nrlstoenicy; his children nged, In¬ 
firm, and poor, 128; Mr. Fair- 
balra’a opinion ns to the vnloe nl 
Oort’s unrequited liivanlians, 1112. 

Cotton trndo, (ho, progress of, .‘till. 

(.'rottsmen, tnulo secrets, 45. 

Cmnegi!, Oeo. mid Tims., invent re. 
vcrlieretory fiinutae, 84; potent 
hi ken nut, 88. 

Crnwidiny, Hiolmrd, iiilonts Cott’# pro¬ 
cesses, 121, l.’JO} his birthplace 
mid onriy life; his ride io London, 
128; n shop-boy ami porter; suc¬ 
ceeds to his master’s business, 129 ; 
takes i ron-works at Mcvtliyr Tydvll 
130; greatly Increases produetlor 
of iron; projects and makes canal 
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nAOUKRIlKOTrPB. 

to Cardiff j la mown ns the " Iron 
King 5 " tils descendants, 131, 

DAoumuuEOTvru anticipated, 174. 

Darby, Abraham, of C'oalbrooktlnlc, 
Ilia parentage, apprenticeship, reli¬ 
gion ; partners ai Baptist Mills as 
malt mill-makers ami brass and 
iron-foundera; mmmfncture of east- 
iron pots; learns the art in Holland; 
brings back skilled Dutch workmen, 
80; takes out patent, 81; romoves 
to (lonlbrookdule, 82 j increased 
trade; uses coke for furnneos; his 
death, 83; Abraham Darby, son; 
and Abraham, grandson; after a 
time become ironfoundors, 83. 

Darby, Abraham, III., casts and erects 
the first Iron bridge, 89. 

Davy, Sir II., nnd aun pictures, 175. 

Uenn, Forest, nnd iron manufacture, 
IS, 28, 42, 74. 

Dublin, iron manufacture and the 
Unionists, 313. 

Dudley, I-ord, nnd Iran lnnnufnct., 40. 

Dudley, Dial, birth nnd parentage, 
40; education; Joins his father in 
tlio iron manufacture; employs pit- 
nonl for fuel and succeeds; takes 
out patent; improves the Mast, 48) 
loss by a flood, 49; opposed by 
iron-masters, 50; bis misfortunes, 
works destroyed by rioters, 51; 
Charles I. renews Ids patent; civil 
war; joins the lioynllst forces, 52; 
appointed military engineer, 53; 
taken planner, 54; escapes from 
gaol—is recaptured; sentenced to 
death and again escapes, 55; his 
utter destitution uni) unsuccessful 
partnership, 511 { keeps hla secret; 
resumes smelting; his death, 59; ills 
invention born before its lime, 77. 

Dudley, town of, about a.d, 1000, 
40; abnadnnoe of coni, number of 
smiths, 47. 

Dunkirk port, survoy, Tamnton, 75. 

Dunstnn, St., a blacksmith, 28. 

HrtWtK, St., aud smiths of Alcostor, 28. 

Hleotrlo tclogr, an old Invention, 175. 

Epochs in oivlUiatlon, 0. 


FAIWlAtllX. 

Fairhairx, Sir P., flax-mnehinery 
(note), 263. 

Fnirbaira, Wm., on maehino tools, 
211, 299 ; his birth; father’s inter¬ 
course with Sir W. Scott in child¬ 
hood, 300; education; life in l’oss- 
shire, 301; excellent mother; do¬ 
mestic employment, 302; a la¬ 
bourer at Kolso-bridge, 304; leads 
coals at Percy Main Colliery, South 
Shields; apprenticed engineer; his 
scheme for self-culture, 305; pro¬ 
moted to take charge of the pump; 
nnd engine, 300; makes the ac¬ 
quaintance of George Stephenson, 
307; is nest employed nt New* 
castle nnd Bedllngton; voyage to 
London and adventures, 308; the 
“ Union ” prevents him from work¬ 
ing, 309; travels nnd gets work 
nt Cheshnnt; returns to London 
and obtains employment, 311; hi» 
first order a sausage chopping- 
nincbina; travels in England nnd 
Wales for work and experience; 
sails to Dublin, 312; constructs 
null-making machinery; tho Union¬ 
ists forbid its nse, and Dublin loses 
its iron trade; sails for Liverpool; 
goes to Manchester, 318; gets em¬ 
ployment; settles and marries in 
Man oh ester; begins business; his 
first job an iron conservatory, 314; 
enters into partnership with Lillie; 
their eflbrts to obtain work; em¬ 
ployed by A. aud S. Murray, 315; 
recommended to MncConnel and 
Kennedy, 310; make important 
improvements in mill.gearing, 323; 
rapid increase of business, 324; 
supply improved wnler-wheels in 
Ayrshire and at Zurich, 325; 
nature of tho improvements, 320; 
Fairbaim's experiments concerning 
law of traction in boats; constructs 
tho first Iron vessels; begins build¬ 
ing iron ships, 327; investigations 
as to Ihs strength of Ivon, invents 
rivoting-mnohme; hie connection 
with Sio Britannia 1 and Conway 
Tubular Bridges, 330; reports on 
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iron anil on boiler explosions, 331 
the ilrst constructor of iron build¬ 
ings, 332. 

Ferrara, Ami. tie, anil his swopls, 23. 

Ferrous Kmldom of, ) D. 

Flax machinery, 261, 263. 

Flemish weavers aud their machinery, 
hostility to, 186. 

-woikmcn at Sheffield, 101. 

Flint implements, 3, 8. 

Ford, Illilianl, surecs-ifnl use of pit- 
coni ill smelting iron, 84, 116. 

Forges, enrly, whore situnio, 20. 

Fox, .tomes, of Derby, u Imtler, 258 1 
Ills muster nssists him to begin bu¬ 
siness ns n ninchmist; l«i» Inee 
machinery and lathes celebrated; 
his plniiing-mneldno described, 259. 

French artisans, turning and mecha¬ 
nical Ingenuity, 20‘J. 

Fuller family, origin of the, 36. 

Gale, I.emmrd, iron numufnet., 30. 

Garay, 11. do, thexUnm-boat, 172,177. 

Gas-meter, water, of l.’oberta, 206. 

Glamorgan, early Iron-works, -U. 

Glasgow, ancient canoes (build at, ‘I. 

Cluu founding, first, In Kngland, 33, 

-a Preach invention, 34. 

Great Britain steamsliip and the 
steam-hammer, 284. 

IlasuruB-ponds, 32, 35-39. 

Hawks, \Ym., Nowcnstle-on-T., 132, 

Ileuth, Jos,, his patent (or etcel, 148. 

neckllng-innohiuo, the, 203. 

Iieggc, Itolpli, gun founder, 33. 

Ilomfray, Sum,, adopts Oort’s pro¬ 
cesses, 121 j joins Crmvehny (n 
constructing email to Cnrdilf, 131. 

Houghton, John, wind sawmill, 165. 

Humphries, P., of the Gt. Britain, 284. 

Huntsman, Boaj., inventor of cust- 
stocl, 102,104) birth, parentage j 
clockmnker; repairs locks and ma¬ 
chinery j omntour surgeon and ocu¬ 
list, 103; experiments nt Don¬ 
caster, 104; process of making cast- 
sled, 105; rejected at Shofllold, 
his steel finds a mnrkat In France, 
108; the Sheffield makers nccetBl- 
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tafwl to use if, lu7; his secret 
stolen by Walker, 108; increased 
demtiml lor ids ated; bis character 
and death, 110 . 

Hydraulic press of llmniali, 188; 
'leather collar invented, 189, 

Island navigation, achemes for im¬ 
proving, 63. 

Inventions, no retrogression in, 167; 
the human rare the true inventor, 
inventions gradual, 168; process of 
invention; obscure origin of xolun 
Inventions, 160 ; others born before 
their time, 170; old inventiiius mul 
arts revived, 172. 

—, disputed;—(he watch, pulley, 
eccentric, screw-cutting, printing, 
penny postage, the stenm-bont, the 
spinning - machine, tile balance- 
spring, the locomotive, &o„ 177. 

—— simultaneous — the quadrant, 
elcctrotyplng, Die snfety-liunp, 178. 

—, progressive steps in, 178. 

Inventors, hindrances to, through in¬ 
competent workmen, Watt, 180; 
Branuth, 201. 

—- IbrgiAten, 179. 

Iran;—I. scraps prised by 8 . Fee 
Mfuidors, 1-3 ; I. aud civilisation, 
8 ; 1 , neoewnry to settled Hfo, 5 ; 
the I. periixl in hislovy, 0 , 8 ; I. 
Into in earning Into use; intense 
liont required tn fuse, 9; gold used 
to save I.j its comparative value, 
19, 14, 22, 26; I. the H Mure" of 
Die Koninns; wars of (lie Ismdlics 
mid Philistines and I,; the early 
Turkish empire and I., 10; All lean 
I., lit; 1 . and the early history of 
Britain, 13, 21, 27; I’hcoulrluns 
and I., 13 ; British war chariots of 
I. apocryphal, 13; I. as currency, 
14; J, introduced by Homan co- 
louhsla, 15; Scotland in early times 
and scarcity of I., 22 j I, and na¬ 
tional defences, 26, 331. 

Iren smelting and mnuufitctiwiI. 
smelting discovered, 10; Homans 
aud I. manufacture in Britain, J 5 
remains of early I. ir.nuulhcture 
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iron. 

1 5. 29, 30, 32; remains of I. mn- 
niilhcture, Forest of Dean, IB, 28 ; 
I. produce, Fimioss, Loncas., 22 1 1. 
forges in early times; where situate, 
2 !); early manufacture of I. in 
Sussex, 10, 31, 37, 42; gun-found¬ 
ing. 38,34; Ashburalmm I. works, 
35 ; I. mills, 35, 39; I. furnaces, 
ancient and modern, comparative 
produce, 39; 1, smelting, enormous 
consumption of timber, 40,43,47; 
migrations of I. manufacture; civil 
wnr; I. works of loyalists de¬ 
stroyed, 41; smelting by pit coal, 
44; Rlurtevant'a palent, 45; lio- 
rvuicn's patent, 40; Dull Dudley's 
patent fur smelting with coal; Im¬ 
proves blast; Cuke first used, 48; 
unsuccessful attempts at smelting 
with coal of Oliver thomwcll, Dng- 
ney, Major Wlldmau, uud Capt. 
Copley, 57; Colonel I’rogov’a at¬ 
tempt, 58; tinplate manufacture, 
00; Dr. Blawsfrmc'a attempt to 
smelt with cotd, 77; decay of I. 
mauufauture in England, 79 ; Coal- 
brook Dale Works; increased con¬ 
sumption of coal and coke, 80, 83; 
manufacture of east I. pots, 80; 
Ford's successful use of pit coal, 
84; Reynolds's improved processes 
in I. manufacture; the reverbera¬ 
tory ihrnace invented, 80; first I. 
vails for tramways, and firet I. 
brldgo, 89; great iuoreasc in I. 
trade, 03; Onions’ patented pro¬ 
cess, 115 ; Cort’s improvements in 
I. manufacture, liis patents, 110- 
19; Curran I. Works stortod, 135; 
Dr. Roobnok’a patent for treating 
pig I„ 115, 130; Roebuck im¬ 
proves blowing apparatus, 137; 
Musket's experiments in metal¬ 
lurgy, nml Important results, 141- 
48; Neilson Invents Uie bot-blust, 
141, 149 ; bis pnteut, 157 ; first I. 
ships, 327; first I, buildings, 330. 
See filed. 

Iron Trade;—1. exported by the Ro¬ 
mans, 10 i early supply of I. from 
.Spain, 25; early Importations of I., 
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80, 44 ; 1. exported by England in 
Q. Elizabeth's reign, 37 ; llaleigh 
on export of ordnance—export for¬ 
bidden, 38; legislative cheeks to 1. 
trade, 41; increased demand for I., 
and increased importations, 78; in¬ 
creased I. trnde; proposed tax on 
coal, 93; increase in Scotch 1. trade, 
141, 100. 

Jacquard pimohing-mnchlne, 271. 

Jdlicoe, .Ad., his defalcations and 
Oort's misfortunes, 122, 126. 

-, Snm., partner with Cort, 115, 

124. 

Kelly, Wm., self-acting mule, 209. 

Kendrew, John, Darlington, flnx-ma- 
ckincry (note), 261> 

Kennedy, John, of Mnnchestor; bis 
early life; straitened circumstances 
of family; limited education, 317- 
18; journey to Lancashire, 310; 
apprenticeship ns carpenter; bogins 
business in Manchester with Sand- 
ford and MacConnol ns machine- 
makers and mulo spinners, 321; 
progress of fho firm; his knowledge 
and attainments; Watt and Ste¬ 
phenson his friends, 322. 

Kinneil House end its distinguished 
tenants, 137, 139; Watt’s first 
engine erected there, 139. 

Knives, clasp tools, &e.; early pro¬ 
duction of, 100. 

LAKE-dwolleva, tire Swiss, 7. 

Lathe, the screw, 260. 

-, tho slide, 207, 211,225,245. 

-, nml turning, middle ages, 208. 

——, tho howl, 212. 

Leeds, bell pits, early iron works, 29. 

LeBOge, G. I>. (1760),Telegnsphy,176. 

Lithography, nn art long known, 172. 

Locks;—of tho ancient Egyptians; 
Bnmm’s tumblor lock; mmali’s 
lock picked by Hobbs, 180. 

Locomotive caghics, 202, 270. 

Machine tools and hand work, 180, 
182, 211. 
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Machine tool-making, pioneers In, 20ft. 

Maehinory, its introduction opjwiird, 
1115-1)7 i its hciiuiiccut liken and sn- 
promnoy, 333. 

Magnus, A., and amckthctio agents, 
174. 

Marshall, 0.(17511), telegraphy, 175. 

Mandalay, Ilraty, Bramah’s lending 
workman, 187 j invents leather 
collar for hydraulic press, 18ft, 
3l)5; birth and parentage, IftH; 
powder-monkey at Woolwirh Ar¬ 
senal j put into the carpenters’ 
ahop; prefers the smithy, anil is 
removed to it; his trivet making 
and dexterity at the forge, 31)0; 
sent fur mal employed by Bramah, 
SOI; rapid imp)ovemenl; the hero 
of his shop; appointed head fore¬ 
man j his mini affliction, 3011; his 
inventions in tool-making, 204; 
begins business; his drat ainlthy 
and first job, 300 s invenla the 
slide rest, 307, 211, 313; It en¬ 
counters ridicule, lint becomes es¬ 
tablished ; Is ihe parent of the 
pinning machine, and other self- 
acting tiuils; Nnsmylh’n oulogium, 
215; the slide-rest uwU for Bru¬ 
nei’s ship’s blocks nimmfaoture, 
215, 210; makes the mnolitnery 
for Brunei; its Intricacy and ninny 
parts, 221 ; inarensed business mid 
eminence of the firm of Mandalay 
mid Field; patents a stenm engine, 
223; improves the marine engine; 
invents the punching machine, 
324; further improvements in the 
intlie; Improvements in screw¬ 
cutting, 225; Ida neatness and 
love of order, 227 ; pride in the 
excellence of his work, 228 ; Nas¬ 
myth's description of his elwwctor, 
229; Ids distinguished friends aud 
visitors, 231; traits of character, 
232; hidiflferenco to patents j mode 
of estimating Inventors and others, 
233 ; his death, 230, 

Mechanical contrivance and skill, and 
education, 230. 

Metals, fnslblc range of, 9 
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Miller, I'ntikk, ami the atenm boat 
172, 177. 

Mill gearing, Murray, 201); improve 
by Knlrhnirn, 323. 

Menu lor, I.e (17411), telegraphy, 175. 

Murray, Matt., of heals, his planing 
machine described; Ills blrih and 
parentage, 200; npprenticed to a 
blacksmith ; employed by Mar¬ 
shall of loads ; improves (lax ma¬ 
chinery, 201; commences' business; 
his improvements on iho stenm- 
engino; jealousy of Bonltnn and 
IVnlt; his I) slide valve; makes 
liH'iiniotlvn for llleukinsop, 202; 
invents the heckling munhinu; his 
skill in mill gearing, 203; im¬ 
provements in I nnls; ills death, 204, 

Mimhet, Ikivid, discovers the Black 
Baud Ironstone, 141; birth and 
onrly life; accountant at t'lydc 
Ironworks; snrcomful experiments 
in nssaying, 142; ncemmt of his 
labours, 144; Ids “ 1’opera on Iron 
mid Steel,” 147; results of Ids la¬ 
bours; discovers Tilnnlmnj his 
writings; Ids dentil, 148. 

Nasmyth, Alex,, punter, 270; n 
dexterous meolumlo; experiments 
with noddle-boats, &e., 277. 

Nasmyth, James, on the sliiio rest, 
214; on Mandalay’s merits, 220 j 
traditional origin of the Nnsmylli 
family, 275; James, his birth tuitl 
education, mid (innily; story of Ids 
lift) told by himself, 277 ; makes 
, his first steam engine, 278; main's 
a steam carriage for common roads, 
279; goes to London; is em¬ 
ployed by Mandalay ns his own 
private workman; modest estimate 
of his own worth In wages, 280; 
his economy and management in 
London; returns to Edinburgh, 
231; begins business in Manches¬ 
ter; establishes the Bridgewater 
foundry; the invention of the 
strum hammer, 282; circumstance* 
which led to tlva invention, 288- 
88 ; the invention lies dormant, 
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NASMYTH. 

286; Ills surprise on seeiug hie 
steam hammer at work in France, 
‘.’87; secures his Invention by n 
patent; beauty ami precision of 
action of the hammer, 288; its 
important uses iu modern engineer¬ 
ing, 289-90; invents the sleam- 
pHe-driyiiig machine; it is om- 

K by Eobcrt Stephenson on 
w eat works, 291; his pyra¬ 
midal steam engine mill steuiu arm 
pinning mnehinn; his circular cut¬ 
ter for toothed wheels; his hn- 
irovcmcnts in irou-fotmding, 292 ; 
lis energy nml common Ronse, nod 
how he Scotched n strike, 298; 
Ills opinion that the effect of strikes 
is to stimulate invention, 294 ; re¬ 
tirement from business * his nrtlstie 
taste and skill; his speculations on 
the cuneiform dmrnctcr, 295; con- 
atruuta a telescope; Ids astronomical 
rrsenrohes and wonderful discoveries, 
described by Sir John Ilorsehel, 299. 
Nasmyth, Jean, martyr to ignorance, 
burnt, 298. 

Napier’s logarithms, 253, 

Neilson, Jus. II., invents tlio hot 
blast, 141; birth and parentage; 
becomes engine-fireman, 160; up- 
jnendued ns woi king engineer under 
his brother; colliery engine-weight, 
151; foreman, then manager nnd 
engineer of the Glasgow Gasworks; 
lily scU'-eduealion; improvements in 
gns lunnu&cture; his Workmen’s 
Institute, 152; experiments in iron- 
smelting, 154; invents the hot- 
lihwt, J 55; hfs patent nnd partners, 
157; patout light disputed but 
established, 158 j his retirement 
Irani business; his philanthropy 
nuil well turned honomv, 169. 

New Zealand, tools of natives, 2, 8. 
Noblemen, Ivon manufacturers, 851 
mnntonr mcoltnnlcs, 210. 

Noi wlcli water works, llrmnnli, 195. 

Gi.omi.il, Thos„ and swash-work 
turning, 208. 

OaionR, Peter, hla patent, 115. 


ItliYNOLDS. 

Ordnance, export forbidden, SB. 

Ordnance, modern, and the steam 
hammer, 289. 

Otnheite, tools of natives, 2, 3. 

1’apin, Denis, and atmospheric loco¬ 
motion, 172; anesthetic agents, 
174-177. 

Penn nnd Sons, engines of the ‘ War¬ 
rior,’ 182; character of their -woik, 
228. 

Penn, IVm., on iron mannlhctnrer, 85. 

l’ilc-Jriving machine, steam, 291. 

Pinning machine, the, for iron, 249, 
259, 204, 200, 273, 292. 

-- for wood, 192, 218. 

Piny, I,e, reports, &c., on east-steel 
manufactures, 108,108,114. 

Plunder's work on Turning, 208-9. 

Printing, the art known to the Ro- 
nnins; its antiquity in China, 172. 

Punching machine, 224, 271. 

IUoy, A., nnd Cort’s invention, 121. 

ltnils, iron, fbr tinnunnda, the fiist, 88. 

Raleigh, Hie W., on exporting ord- 
nnneo, 38. 

Kcnping-mnelilnc in 1577, 173. 

Heed, Henry, audstcel-mnnuPaot., 112. 

I’egisti'y of real estate, Ynrranton's 
plan, 72. 

Religious persecutions and diffusion oi 
skilled industry, 07. 

Reverberatory furnace, 85, 119. 

Reynolds, Rd., Coalbvookdnle, birth, 
84; marries daughter of Ah. Dnvby 
II.; joins the Conlbrookdalo firm, 
85 ; his improved processes of Iron- 
mnuuilicture, 89 ; invents cast-iron 
vails for tramroa.ls, 89; his remon¬ 
strance ogamst the threatened tax 
on coni, 93; retires from the firm; 
tho beauty of his character, 95; 
his habits; incidents fa his lift, 96; 
bin death, 98. 

Reynolds, Win., his improvements in, 
mining; his iuc'ined planes for 
working canals, 94, 117; Ills as¬ 
sistance to Telford, 95; adopts 
Cort’s processes; invites Cort U 
J trial of process at Ivctley, 121. 
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Ktvev navigations, pinna of 1'nrrautou, 
03, IIS, 77. 

Ilirothig machine, .'WO. 

ltolorts, Billiard, of Manchester, 17H; 
most prolific os no Inventor; liii tli; 
it rpinrrymnn; liking for nirclmnirs, 
2(34 ; n pattern-maker; drawn for 
till! militiu utul runs ntvny; gets 
employment in Mnnchratrr, 2135; 
gnus In [.oinloii ; employed iiy 
Alimdulny; returns In Alnnchoslerj 
hi- hccior for sizing wheels; im¬ 
proved M-row-latho; wet givMnetev; 
pinning machine, tUHl; Iiis wheel- 
cutting engine, in fuelling nmcliine, 
slotting machine,&«.; his inn(iliiiii) 
for malting wearers’ roods tlio cum- 
inriincnicnt of llio linn of tollin']!, 
Buharin, mol On., Alins Works; Ills 
power-looms; his famous self-act¬ 
ing tinile, 207-70; arranges ami 
stnris machine-works nt Mullioiine; 
liis numerous patents for processes 
in cotton nianntiiotniing; liis iron 
lilllinnl tallies; ilia improvements 
in tlui lonomiitivartram-liinkc, 870; 
merits ami rcpatalion of tlui Arm j 
his Jncipinvd puucliiog nmcliine, 
271; liis sheafing awl punching 
machlua; his turret-chick; prize 
oine.tro-umgnet; nignr-mnking mn- 
chinu;. Improvements £n nl«tm- 
ah inn; elongated riflo projectiles, 
273; many have gained largely by 
his fertility or invention ; lie is left 
poor, 27a, 

llncho, T. ilo la, and auu phsturrs, 17li, 

llnohuilk, Ur. John, 118; hivtli, cdu- 
oation, and early life, 133 ; settles 
at Birmingham as a physician; 
investigations in metallurgy and 
chemistry, 134; partnership with 
Ah', Oarlott; h» ituumfnotuvos 
vitriol and pottery; starts tiro 
Cavron Iron Works, 1118 ; his pa¬ 
tent, 115,13t); improves Wowing 
apparatus; icsidcucn at Kiuneil 
House; lenses coal-mines and salt- 
pane, 137; obtains tlio assistance 
of James Watt and becomes ills 
partner, 813; his losses and ruin, 


S I’KKtj. 

WO; transfers interest in Watt’s 
engine to Boulton; Walt’s opinion 
ofilnebiiok, 140; his death, 141. 
Homans, the, introduced Iron-manli- 
ihotnve into England, IS; iron ex- 
jmiled by them, 1 G; knew the art 
of printing, 172; knew of gun¬ 
powder, 173; hydropathy, 174. 

Kavauk life, iniplemeiita otj 2 - 11 , 
Hnwhig-maeliliiery, Lllfi, 11)8,213,221. 
Sell .venter (Itiilti), telegraphy, 175. 
Kcoich Irun-trade, Ha exienslou, 141 
exports to Mngluud, Hid. 

Scot laud In early times, sen I’d ty ot 
iron in, marauding snizuies, 22 ; 
ils swords famous, 24. 

Scott, Sir W, early life, 300. 
Hevew-cutthig mauhhiory, &c., 225, 
240, 248, 240, 273. 
fielf-acliog iimlu of Roberts and others, 
207, 200; the radial arm, 270. 
Shearing mid panelling machine, 273. 
Sheffield, its early iron and steel mil- 
nuihctnrw, 100 ; t’lmdah workmen, 
101; greatly indebted to Iiunte- 
man, 100 ; practical skill of its 
workmen, 113; production and ex¬ 
ports of cast-steel, 114. 

Skelliold, Tail’d, mid 11. Oort, 110, 
Shells (ordnance) iirat made, 114. 
fihiji-lmtldtug, improvements in, 272 
first iron ships, 320. 

Slide-lathe tiie origin of the pinning. 

machine, 214, 223. 

Smeutim, Jus., mid Ur. Itoehuek, 137 
Smith, name of, 21. 

Smith, the, hln iirat Himplo (oats, 20. 
Smiths in early ttmes, their import- 
aiieo and rank, 11), 17, 23. 

Spanish Armada, scarcity of Iran, 24. 
sjiaiii, early supply of iron from, 25. 
KU'am ni man's drudge,, !)3f>, 
Steaui-cngluo, improvers of; seo Bra¬ 
mah, Man (Islay, Murray, Nasmyth, 
and Watt. 

Steam-gun an old Invention, 174. 
Sloain-bammor, 283. 

Steam, itso known to the undent#, 171. 
Steam-locomotion, first attempts, 172, 
Steal, conversion of Iron into, 09; 
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STEEL. 

blistered, shear, nud faggot steal, 
101 ; ottsb-atcol mid its qualities, 
105 j Bessemsr’a process, 111. 
Steelyard Co. of For. Merchants, 43. 
otownrt, Dug., at Kinneil House, 107. 
Stone period in history, 0. 
Stourbridge, destructive flood, 49. 
Strikes mul their effects, 293-04, 318. 
Strutt, Win., self-acting undo, 2139. 
Sim, the nature ol its surface, 293. 
Sussex, early iron-works in, 18, 31; 
cannon first made In, 33 ; fright 
of prosperity of iron-trade, 37 ; 
decline of iron-trade, 42. 

Swiss lako dwellings, 7, 

Swords, magic and enchanted, 18; of 
Ferrara, 23. 

Thames and Severn, scheme for join¬ 
ing, OS. 

Tilt Hammer, the, 288-4, 

Tin-plate manufacture, 66. 

Tool makers, early, the smith, 164. 
Tools, early, oi'bone, ilint,&c., 2-8,183. 

-nnd civilization, 182-85. 

-, improvements in, and ma¬ 
chinery opposed, 105, 21 i. 

-, modern, their perfection, 182. 

——, hand and mnahiue, 298, 382, 
-, machine, improvers of i eee Bra¬ 
mah, Clement, Fox, Mnudiilay, Mur¬ 
ray, Nasmyth, Roberta, Whitworth. 
« Treatise of Metallicii," 45. 
Tunnelling at ancient Babylon and 
Marseilles, 178. 

Turning nnd lathes, rftsumfi of the 
history of, 207-18, 

Uohaiws, Mcym, nnd atcel mnuufau- 
tme, 113. 

7 RNI0K, ancient, weapons with mo- 
darn Improvements in Anonnl Mu¬ 
seum, 173. 

Vinci, Leonardo da, the steam gun and 
sun lailnllng, 174. 


yahuakton. 

W a anion, tile, engines of, 182. 

Water wheels improved, 328. 

Watt, Jns., improvement of tho steam 
engine, nnd increased demand foi 
iron, 120; eroota flirt engine at 
Kinneil j becomes partner with Dr. 
Roebuck, 139; Boulton becomes 
Watt’s partner «. Dr. Roebuck, 
140; Watt's sun plotures, 175; 
his tilt-hammer, 283. 

Wedgwood, Thoa., and sun pictures, 
175. 

Wheel-cutting machinery, 288, 292. 

Whitworth, Joseph, of Manchester, 
trained in the workshops of Maude- 
lay nnd Clement; his system ol 
sorew-threade; his “ Jim Crow ” 
planing machine; his method ol 
securing a true plane, 273; his 
improvements in tools, rifled guns 
and projeotiles, 274. 

Workmen's Institute, Naiison's, 152. 

Yatifunton, Andrew, 80; birth; 
apprenticed to a llnendrapier; joina 
parliamentary army in civil war; 
public rewnrd for services, 81; his 
Iron Works; linen manufacture; 
imprisonment, 62; escapo and re. 
captuie; plans for improving in¬ 
land navigation, 63 ; improvement 
of ngrioufture, 65; plans docks for 
Loudon; his tin-pfnte manufac¬ 
ture ; acquired the art in Saxony, 
69; is thwarted by Chamberlaine’s 
patent, 88; travels in Holland, 
89; sentiments on trade; his 
various projects, 70, 71, 74; his 
“linglnnd’s Improvement by Sen 
and Land,” 71, 74; proposed land 
bonk and registry of real estate, 
72; his controversies, S3, 73; hii 
iron mining; Surveys Dunkirk 
port, 75; views In advance of his 
age, 78; his opinion on home- 
i produced Iron in timo of war, 79. 



